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Abstract 
An improved understanding of the relationship between climate change and river response is critical 
for predicting future trajectories of fluvial landforms. This is particularly important with climate 
change projections showing an increase in extreme events such as floods and cyclones. In Australia 
and internationally, a valuable record of river response has been developed from the morphologic 
and sedimentologic archives of river terraces and floodplains, mainly in temperate regions. These 
studies reveal the key role of climate over timescales ranging from 100 kyr glacial/interglacial 
cycles through to decadal cycles driven by the El Niño Southern Oscillation (ENSO). However, the 
understanding of fluvial records in the humid (wet) tropics is comparatively poor despite these 
regions being geomorphic hotspots for catastrophic change. The relevance of key geomorphic 
concepts to wet tropical rivers is largely unknown and therefore the knowledge gained from 
studying these settings is invaluable. The overarching aim of this thesis is to characterise the nature 
of regional river response and its relationship to climatic change in the Wet Tropics of tropical 
northeast Queensland, Australia. Chapters 2 to 6 explore the various aspects of this research 
question and an overall synthesis of the thesis key findings and future research priorities is 
presented in Chapter 7. 
Chapter 2 presents the research on terrace distribution and chronostratigraphic 
characteristics to provide the overall spatial context of river landforms across five catchments. Two 
terraces are correlated and mapped across the study area, while the terrace chronology details two 
periods of aggradation-incision that post-date the Last Glacial Maximum. Explanations for spatial 
differences in terrace preservation are explored using a range of catchment force-resistance 
variables with the results underpinning a new conceptual model of terrace types and preservation 
processes. 
Chapter 3 details the numerous morphological and hydrological characteristics of Wet 
Tropics floodplains. An array of data and techniques is applied across four catchments and yields 
the first comprehensive geomorphic dataset for floodplains in the region. Floodplains exhibit 
complex surfaces dominated by erosional forms and are inundated by up to 6 m during annual wet 
season floods. Floodplain morphology is found to reflect the complexity of the tropical hydrological 
regime, rather than simple estimates of channel hydraulics. 
In Chapter 4, presentation of floodplain chronostratigraphic data provides the longer-term 
context of floodplain formation and is used in conjunction with the results from Chapter 3 to 
develop a conceptual model of floodplain formation for the Wet Tropics. Floodplain formation 
occurs in five phases that span the last 1.5 kyr. Individual phases alternate between domination by 
erosion or deposition processes. Floodplain erosion occurs through wholescale and partial stripping 
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most likely during wetter climatic periods, while depositional phases appear to be associated with 
both wetter and drier climates. The new conceptual model advances some earlier models of 
floodplain construction and destruction by acknowledging: (i) the time frames of aggradation and 
incision, (ii) the roles of different destruction processes, (iii) the integration of detailed 
sedimentology and stratigraphy, and (iv) an understanding of climatic variability. 
Chapter 5 enhances understanding of hydroclimate variability in the Wet Tropics by 
examining the potential of high-resolution coral proxies from the Great Barrier Reef (GBR) to 
reconstruct river discharges. A good relationship is found between annual coral luminescence and 
wet season discharge from the North Johnstone River, which is used to develop the first centennial-
scale reconstruction of hydroclimate for the last 400 years. The reconstruction highlights the 
existence of several cyclical periods of enhanced and reduced flooding that were not previously 
identified in broader reconstructions of GBR hydroclimate. Analyses of instrumental records reveal 
that large floods are often associated with cyclones. Based on this association, an existing, 
published reconstruction of cyclone activity is used to infer on periods of flooding and thus provide 
an independent line of evidence for long term hydroclimatic conditions in the Wet Tropics. 
Chapter 6 provides an overall synthesis of the findings presented in Chapters 2 to 5. This 
chapter collates the record of fluvial response for the past 30 kyr from the nature and timing of 
alluvial aggradation and incision as recorded in terraces and floodplains. A new 30-kyr record of 
climate change is also synthesised from existing palaeoclimate proxy records for the region. Over 
the past 30 kyr, fluvial response appears relatively synchronous across the region with four phases 
of aggradation and incision. Comparison of the fluvial and palaeoclimate records reveals the 
relationship between river response and climatic changes is not straightforward and likely reflects 
important catchment differences in response and recovery times. This record presented for the Wet 
Tropics also illustrates that there are important similarities with the alluvial records from 
southeastern Australia.  
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Chapter 1: Introduction 
________________________________________________________________________________ 
1.1 Research context 
1.1.1 Why do rivers respond? 
Rivers shape the landscape and their dynamic nature has captivated humans for millennia 
(Alexander, 1982; Baker, 1988). Rivers sit within the surrounding catchment and their behaviour is 
inherently tied to the environmental framework in which they are located (Church, 2002). As such, 
alterations in the catchment environment (e.g. climate, vegetation) can cause changes to river 
behaviour or ‘response’ (Knighton, 1998). Rivers are essentially governed by the sediment load and 
the energy of the river (i.e. stream power) with the balance of these a key determining factor in the 
nature of the response (Bull, 1979). When stream power is insufficient to transport the sediment 
load, the river responds through the aggradation of sediment. Conversely, if stream power exceeds 
that required to transport the sediment load, the river responds by vertical or lateral incision. 
Aggradation and incision processes over millennial timescales have resulted in spectacular changes 
in the fluvial landscape. These processes are evident in the extensive river terrace staircases that 
flank the sides of many valleys in the northern hemisphere. These provide a valuable record of 
aggradation and incision over many millennia (Bridgland and Westaway, 2008). With a few 
exceptions (Nott et al., 2002), these terrace staircases are relatively absent in the Australian 
landscape. 
Rivers response is governed by a range of controls that influence hydrologic and sediment 
regimes. These controls may be external to the system such as climate, geology, base level and land 
use; or internal, such as channel slope and channel geometry (Knighton, 1998). In particular, 
climate is recognised as important as it is the source of energy that drives catchment runoff and 
sediment supply (Knighton, 1998). However, concurrent changes in other external controls are 
possible, such as tectonic uplift (Hsieh and Knuepfer, 2001) or land use change (Coulthard and 
Macklin, 2001), which also influence the sediment inputs to rivers. Characteristics internal to the 
catchment (e.g. channel slope, inherited landforms) may also modulate the nature of response 
(Taylor and Lewin, 1997; Coulthard et al., 2005). The potential interplay between the controls 
therefore necessitates awareness that a given response may reflect more than one factor 
(Vandenberghe, 2003; Huggett, 2012). In Australia, climate is often seen as the dominant control on 
river response given relatively minor changes in both base level (i.e. reduced tectonism and 
remoteness from ice sheets) and land use intensity over millennial timescales (Tooth and Nanson, 
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1995; Nanson et al., 2003). In some cases, internal controls are considered more important than 
climate during specific time periods such as the early-mid Holocene (Cohen and Nanson, 2008) or 
particular phases of fluvial activity such as incision (Cheetham et al., 2010). 
1.1.2 Key geomorphic concepts relevant to fluvial response studies 
The evidence for catchment-specific responses to climate change aligns well with the key concepts 
of geomorphic thresholds and landscape sensitivity. Geomorphic thresholds are critical points that 
separate different system states such as river aggradation and incision (Schumm, 1973). Thresholds 
are a key component of landscape sensitivity and defined by Brunsden and Thornes (1979) as a 
function of the spatial and temporal characteristics of the catchment force-resistance framework. 
The sensitivity, or response potential, within any system is related to the distance between the 
existing system state and the threshold of change. Because both the internal processes and the 
system state (reflecting morphological, geological and hydrological conditions) are temporally 
dynamic phenomena (Brunsden and Thornes, 1979; Lane and Richards, 1997; Brunsden, 2001), the 
distance to thresholds, and therefore response, may vary between different rivers or reach settings 
(e.g. confined, unconfined). For synchronous response to occur across different rivers, the climatic 
disturbance must be of sufficient strength to cause the region-wide exceedance of catchment-
specific thresholds (Phillips, 2010). Indeed it is argued that the interpretation of climate-induced 
river can only be justified where a consistent response is detected across different rivers 
(Vandenberghe, 2002).  
Additional complexity in river response is associated with the possibility of response lags 
and multiple pathways of response. The effect of climate change on fluvial systems is often 
mediated by catchment soil and vegetation, which can cause delays in river response (Phillips, 
2010). The concept of response lags is well established in geomorphic theory (Chorley and 
Kennedy, 1971; Allen, 1974) and is an important component of landscape sensitivity (Brunsden and 
Thornes, 1979) and thresholds (Chappell, 1983). Lags can be identified through assessing response 
times, which comprise: (i) the reaction time – the time taken for the system to begin responding and 
(ii) the relaxation time – the time taken to complete the response (Phillips, 2009). While lags and 
response times are seen as critical to geomorphic change studies (Phillips, 2009), it must be 
acknowledged that the understanding of these concepts is largely limited to a theoretical basis. With 
few exceptions (e.g. Chappell, 1983), they have proven difficult to identify in field situations. 
Current estimates place the response time of fluvial systems in the order of 102 to 103 years 
(depending on system sensitivity) (Vandenberghe et al., 1994; Tebbens et al., 1999). However, 
advances in palaeoclimate and fluvial research are yielding a more detailed record of environmental 
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change over shorter timescales (e.g. the Holocene) and will result in new interpretations of response 
times. An example of this is the direct link between river response and fluctuations in the El Niño 
Southern Oscillation (ENSO) and Pacific Decadal Oscillation climatic phenomena, which suggest 
minimal lags may exist (Macklin et al., 2012b). Such relationships are documented from 
floodplains in the Amazon Basin (Aalto et al., 2003), upland channels in Bolivia (Maas et al., 2001) 
and across a range of fluvial depositional settings in Britain (Macklin et al., 2010). Ongoing 
research focused on developing well-dated fluvial archives and assessing their alignment to well-
resolved climate records will refine our understanding of the nature of time lags. 
Interpretations of geomorphic response are strongly influenced by the underlying model of 
landscape evolution, which can be broadly categorised according to whether they are based on 
single or multiple pathways of development (Phillips, 2009). Traditionally, geomorphic theory has 
been based on the single pathway model (i.e. Davisian model) where for example, a river’s 
evolution will progress along a well-defined pathway towards a single, predictable outcome. 
Although such a construct is still common in geomorphology, the trend is towards understanding 
river adjustment via multiple pathways and/or multiple outcomes (Phillips, 2009). Multiple 
pathway/outcome models are considered most applicable in complex systems, which comprise 
many components and variable interactions that may result in nonlinear responses (Phillips, 2003). 
Multiple pathway models are inherently inclusive and therefore, allow for the existence of single 
outcome/pathway scenarios in particular cases (Phillips, 2009).   
1.1.3 Translating theory into practice: implications for the experimental design of fluvial 
response studies 
The key concepts of thresholds, landscape sensitivity, lags and response pathways as discussed 
above have important implications for the experimental design of fluvial response studies. Firstly, 
acknowledging that river responses can be catchment-specific implies that multiple catchments 
must be investigated if the research aims to examine the relationship between river response and 
climate change. Despite this, it is typical both internationally and in Australia for fluvial response 
studies to pertain to a single catchment. While there are many practical (e.g. limited time frames, 
catchment size) and theoretical advantages (e.g. detailed process knowledge) of the single-site 
approach, the potential for variable catchment sensitivity means the results cannot be extrapolated 
across larger areas, for example across a single hydroclimatic region. The adoption of a broader-
scale experimental design is important because as stated by Piegay et al. (2015) these approaches 
are the most useful for developing a clearer understanding of geomorphic forms and processes. 
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The concept of landscape sensitivity also has implications at smaller spatial scales of the 
individual catchment. For example, catchment size and the longitudinal profile both influence the 
geomorphic setting of rivers and therefore their response potential. Small catchments (i.e. 101 to 103 
km2) are known to have higher rates of geomorphic change (Knox, 1993; Macklin et al., 2006; 
Macklin et al., 2012b) and in general, the middle reaches are particularly sensitive (Lewin, 1983; 
Lewin, 1987; Macklin et al., 2006). Geomorphically, the middle reaches are high activity zones 
owing to the partial confinement of the channel by bedrock, narrow valley widths, high hillslope-
channel coupling and high stream powers (Knighton, 1999; Coulthard et al., 2005; Jain et al., 2006; 
Jain et al., 2008). River responses are therefore amplified in partly confined settings and fluvial 
landforms, sedimentology and age characteristics tend to be highly variable (Nanson, 1986; Nanson 
et al., 2003; Coulthard et al., 2005; Cohen and Nanson, 2008; Richardson et al., 2013; Leonard and 
Nott, 2015). However, it must also be acknowledged that these same reach characteristics may lead 
to reduced preservation potential of alluvium (Kermode et al., 2012).  
Assessment of temporal lags between environmental changes and river response are a 
critical aspect of response studies. The interpretation of lags is ultimately underpinned by the spatial 
and temporal resolution of both the fluvial and environmental records (Macklin et al., 2012b). 
Historically, the resolution of the fluvial record in many areas exceeded that of the environmental 
changes, but with the rapid expansion of palaeoclimate research over the last two decades, a more 
detailed understanding of climatic change has evolved. Despite the improvements in temporal 
resolution, the spatial contexts of fluvial and palaeoclimate research are often misaligned, which 
leads to complications when interpreting the nature of river response lags. Reliable assessment of 
response lags therefore, requires a climate record that is of relevant spatial and temporal scale to the 
fluvial record.  
A final consideration for the overall design of fluvial studies is that much of geomorphic 
theory has been developed from systems in temperate regions (Leopold et al., 1992; Knighton, 
1998). By contrast the geomorphology of the tropics is relatively poorly understood (Thomas and 
Thorp, 1995; Latrubesse et al., 2005; Thomas, 2008; Sinha et al., 2012) and the relevance of 
existing theory remains unclear (Thomas, 2008). For example, the humid tropics are recognised as 
geomorphic hotspots given the unique hydrology that results in greater energy inputs and faster 
rates of change (Wohl et al., 2012). Humid tropical regions represent an ideal testing ground for 
examining river-climate relationships because their climatic variability is driven by precipitation, 
which is the most relevant climatic variable for rivers. By contrast, climatic variability in temperate 
zones is mostly understood in terms of temperature changes from which broad averages of 
precipitation are then estimated (Knighton, 1998). Increased knowledge of fluvial response in the 
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humid tropics will enhance our general theoretical understanding of the relationship between rivers 
and climate across the globe. 
1.1.4 Detecting river responses in the landscape 
The response of rivers manifests as a variety of different fluvial landforms that collectively provide 
an archive of river change. Individual landforms usually correspond to a particular time frame and 
therefore a comprehensive understanding of river response must incorporate knowledge of the 
major landform components present. Over longer time frames, river response to glacial-interglacial 
cycles is well recognised in extensive river terrace sequences that form following channel incision 
and floodplain abandonment (Bridgland and Westaway, 2008). The terrace record of response is 
contained both within the internal sediments that indicate conditions of aggradation and their spatial 
extent that indicates the extent of incision (Bull, 1990; Lewin and Macklin, 2003; Bridgland and 
Westaway, 2008). In eastern Australia terraces are fewer in number owing to reduced tectonic uplift 
since the Cenozoic (Nott, 1992) and are largely restricted to small coastal catchments east of the 
Great Dividing Range and predominantly reflect changes in climate (Nanson and Young, 1987; 
Nanson and Young, 1988; Cohen and Nanson, 2008). By global standards, the majority of 
Australian terraces are relatively young having formed during the late Quaternary (Nanson and 
Young, 1988; Cohen and Nanson, 2008; Cheetham et al., 2010). Terrace landforms have been most 
extensively studied across the global mid-latitudes (Bridgland and Westaway, 2008). By contrast, 
there are relatively few tropical studies, in part, because terraces were once presumed absent from 
these areas (Büdel, 1982). While this view is now refuted by evidence of terraces in both 
tectonically active and inactive tropical settings (Thomas and Thorp, 1995; Latrubesse and Rancy, 
2000; Hsieh and Knuepfer, 2001; Thomas et al., 2007), the tropical terrace record of river response 
remains poorly understood in comparison to that of temperate regions.  
The detection of river response over shorter time frames is an increasingly active research 
area following the identification of major climatic fluctuations during the Holocene (Mayewski et 
al., 2004; Macklin et al., 2012b). These include Heinrich events (Bond et al., 1993; Dansgaard et 
al., 1993), Dansgaard-Oeschger events (Bond et al., 1999), the Younger Dryas (Alley, 2000b) and 
the 8.2 ka event (Alley et al., 1997). Collectively these are termed rapid climatic changes (RCC) 
(Alley, 2000a). Up until a decade ago, the evidence of river response to RCC was equivocal, with 
studies reporting both river sensitivity (Knox, 1993) and insensitivity (Kasse et al., 2003). However, 
continuing research on Holocene fluvial archives suggests a stronger, positive relationship between 
rivers and climate change is emerging at this scale. For example, Macklin et al. (2006) reports a 
good regional correlation between the age of flood deposits across the United Kingdom, Spain and 
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Poland and timing of Holocene cooling periods (e.g. Heinrich events). Similarly, this is reflected in 
the Southern Hemisphere mid-latitudes of New Zealand (Macklin et al., 2012a).  
The record of river response to Holocene climate change is contained within a range of 
different floodplain environments (e.g. levees, backswamps, palaeochannels, crevasse splays), 
which reflect fluvial processes operating over a range of scales (Macklin et al., 2006). Gaining an 
understanding of these records across multiple catchments is an intensive undertaking. However, 
recent technical advances mean studies with a broad spatial and temporal extents are now possible. 
For example, high-resolution topographic data captured using Light Detection and Ranging 
(LiDAR) technology is increasingly available and provides the necessary scale of spatial data for 
the efficient investigation of floodplains (Jones et al., 2007). In turn, this information is valuable for 
locating representative sites for detailed sedimentological and dating analysis, which are critical for 
the final interpretations. Developments in sediment dating also allow for improved understanding of 
floodplain chronologies. Optically stimulated luminescence (OSL) dating of quartz grains yields an 
age for the burial of sediments and the resultant chronologies of fluvial activity are more accurate 
than those derived using radiocarbon dating. While the use of OSL is increasingly commonplace, 
the majority of fluvial chronologies remain based on radiocarbon dating. In Australian settings, 
OSL dating has proven successful over a range of fluvial geomorphic settings and sediments 
spanning 0.5–100 ka (Bowler et al., 2003; Olley et al., 2004; Pietsch, 2009; Croke et al., 2011). The 
application of these techniques represents the state-of-the-art approach for river response studies. 
1.2 Thesis aims and objectives 
The primary aim of this research is to determine the nature of regional river response and its 
relationship to climatic change in the Wet Tropics of northeast Queensland, Australia. Analysis of 
terrace and floodplain morphology, hydrology and their sediments using LiDAR topographic data, 
hydraulic modelling and OSL dating across a selection of five catchments is used to develop a 
record of river response. This response record is linked to climate by developing a regionally 
specific palaeoclimate record from existing proxies in the Wet Tropics. The specific research 
objectives of this thesis include: 
Objective 1: To identify and classify terraces across selected catchments using soils and 
chronostratigraphic data.  This will determine the timing of terrace development and allow for the 
assessment of the role of catchment characteristics in terrace formation. 
Objective 2: To determine the surface morphological and hydrological characteristics of 
floodplains across the Wet Tropics for informing on processes of formation.  
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Objective 3: To detail floodplain chronostratigraphic characteristics across four catchments 
and provide a longer-term perspective on floodplain construction and destruction. These data 
alongside the findings from Objectives 2 are incorporated in a new conceptual model of floodplain 
formation in the Wet Tropics. 
Objective 4: To develop a high-resolution, centennial-scale record of Wet Tropics river 
discharge from coral proxies to inform on long-term hydroclimatic variability in the region. 
Objective 5: To develop a regional-scale model of fluvial response and record of climate 
change using the findings from Objectives 1 to 4 and a synthesis of Wet Tropics palaeoclimate 
proxies. 
1.3 Overview of research methods 
This research is undertaken using a combination of desktop and field methods. Desktop analyses 
using geographic information systems (GIS) forms an integral part of this research given the large 
spatial extent of the study area. High-resolution LiDAR data obtained for the study area informs the 
geomorphic mapping and extraction of topographic metrics to describe fluvial landforms. A wide 
range of catchment datasets (e.g. elevation, geology, drainage, soils, regolith) are compiled and 
analysed to characterise the catchments. Another major desktop-based component is the study of 
flood hydrology and hydraulics using flood frequency analysis, hydraulic modelling and the spatial 
mapping of model outputs. 
The study incorporates an extensive field-drilling program to target the major terrace and 
floodplain landforms across the study area. Representative drilling sites (n=30) within terrace and 
floodplain landforms were identified across five study catchments and intact sediment cores (2–10 
m in length) extracted using a Geoprobe drill rig. Sediment cores are logged for sedimentology and 
samples collected for grain size analysis and dating. Grain size analysis is performed using laser 
diffraction (Malvern Mastersizer 2000) to examine the variations in sediment calibre within and 
between terraces and floodplains. Sediment dating using OSL techniques is used to establish the 
time frames of terrace and floodplain aggradation and incision. The Daintree terrace and floodplain 
cores were omitted from detailed analysis and dating as these were the subjects of concurrent 
research at James Cook University (Leonard and Nott, 2015a).  
1.4 Significance of research 
This thesis delivers a novel regional-scale record of fluvial response over the past 30 kyr in the Wet 
Tropics in northeast Queensland. The fluvial record developed in this study comprises 
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sedimentological analyses, OSL-based chronologies, high-resolution geomorphic mapping, and 
flood hydrology and hydraulic analyses for the alluvial valleys of five key catchments. This study 
also enhances knowledge of Wet Tropics palaeoclimate, which underpins much of the 
understanding of continental-scale climate change (Kershaw, 1976; Kershaw, 1978; Turney et al., 
2006; Moss and Kershaw, 2007). This study provides the first multi-centennial, annual 
reconstruction of river discharge for the Wet Tropics as well as a revised synthesis of late 
Quaternary palaeoclimate proxy data for the region. Collectively the fluvial and palaeoclimate data 
constitute a rare data set that yields significant new insights into fluvial response to external 
changes in a tropical region. New conceptual models are developed that improve our theoretical 
understanding of how rivers respond alongside climatic change including the potential for regional 
synchronicity and the links between climatic regimes and different phases of response. 
1.5 Thesis structure and chapter overviews 
This thesis is presented as a series of five data chapters, two of which are associated with accepted 
or submitted publications. The relationship between the research objectives, chapters and 
publications is illustrated in Figure 1.1. The research objectives are designed to deliver both a 
detailed understanding of Wet Tropics fluvial archives and palaeoclimate. In the final chapter, the 
key findings are discussed and future research directions summarised. Supplementary information 
for data chapters is provided in the Appendices. 
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Figure 1.1. Schematic of thesis research framework and structure. Research objectives are shaded according 
to their focus on the (i) fluvial record (blue), (ii) palaeoclimate record (yellow) or (iii) combined fluvial and 
palaeoclimate record (green). 
Chapter 2 addresses the knowledge gap surrounding the terrace record of river response in 
the tropics. Terraces have previously been recognised in Wet Tropics catchments (Thomas et al., 
2007) but no systematic study of their distribution, surface morphology, sediments, or age has been 
undertaken. These characteristics are considered key components of the fluvial response record and 
are examined in this chapter. This chapter provides the overall spatial context of terrace landforms 
across the five catchments by undertaking the mapping and classification of terraces. Given the 
multiple-catchment focus, another objective of this chapter is to investigate the role of catchment 
internal controls on terrace preservation. A range of catchment variables representative of drivers of 
terrace erosion and resistance are used to explore the reasons underlying inter-catchment 
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differences in terrace preservation. The terrace mapping provides the fundamental spatial 
information for the subsequent analyses of floodplains detailed in Chapters 3 and 4. The resultant 
publication from Chapter 2 is published in Geomorphology journal (Hughes et al., 2015).  
Chapter 3 presents a detailed analysis of floodplain morphological and hydrological 
characteristics to underpin a regional-scale understanding of floodplain forms and processes in the 
Wet Tropics. A diverse array of data and techniques are applied across representative study reaches 
in four catchments.  
Chapter 4 presents chronostratigraphic data from floodplains across four catchments to 
provide a longer-term perspective on floodplain formation. These findings and those from Chapter 
3 are used to develop a conceptual model of floodplain construction and destruction in the Wet 
Tropics. Minimal attention to humid tropical fluvial systems previously has limited the 
development of conceptual models describing the processes and timing of floodplain formation in 
these regions.  
Chapter 5 details a new, high-resolution, 400-year reconstruction of total wet season 
discharge for the North Johnstone River using coral luminescence proxies. From this data, temporal 
patterns in flooding are assessed and compared to other published reconstructions to inform on the 
longer-term trends in Wet Tropics hydroclimate.  
Chapter 6 provides an overall synthesis of the research findings detailed in Chapters 2 to 5 
to develop a conceptual model of fluvial response and climatic change in the Wet Tropics. This 
chapter details a record of fluvial response over the past 30 kyr from the nature and timing of 
alluvial aggradation and incision as recorded in terraces and floodplains (Chapters 2–5). 
Additionally, a new 30-kyr record of environmental change is synthesised using all existing proxy 
records of relevance to the Wet Tropics. The two records are then used to assess the relationship 
between fluvial response and climatic change.  
Chapter 7 summarises the thesis key findings in the context of the four research objectives. 
The research gaps addressed by this study are outlined, including contributions to the following 
fields of research: (i) tropical floodplains processes in highly dynamic tropical settings, (ii) terrace 
genesis in tropical and tectonically-stable settings and (iii) Holocene fluvial archives in the tropics. 
Further research opportunities and the main conclusions of this research project are also discussed. 
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1.6 Study location: the Wet Tropics, northeastern Queensland, Australia 
The Wet Tropics in northeast Queensland is a relatively small, coastal region defined by its unique 
‘wet tropical’ climatic characteristics, the latter which are unique throughout Australia (Figure 1.2). 
The physical characteristics result in extremely high biodiversity, which underpins the World 
Heritage Area designation of a large proportion of the region (Figure 1.2).  The Wet Tropics region 
spans 12 small catchments with a total area of approximately 24,400 km2.  
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Figure 1.2. Map of the Wet Tropics region showing catchments, selected study rivers (underlined) and 
locations of study reaches. The Wet Tropics region (green) corresponds to the area classified as tropical 
rainforest (Af) and tropical monsoon (Am) (Peel et al., 2007). 
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1.6.1 Climate and hydrology 
The Wet Tropics is dominated by the two Köppen climate classes of tropical rainforest (Af) and 
tropical monsoon (Am) that collectively comprise the broader classification of ‘wet tropical’ (Peel 
et al., 2007) (Figure 1.2). The wet tropical climate is characterised by a distinct lack of a dry season 
and very high annual rainfall. The western margin of some Wet Tropics catchments and the 
majority of the Herbert River catchment experience a more subtropical climate with enhanced 
seasonality in rainfall (Figure 1.2, Figure 1.4).  
Wet Tropics mean annual rainfall varies greatly from 1700–3000 mm on the coastal plain, to 
5000–7600 mm on the higher ranges (Figure 1.4). There is a steep, east to west declining rainfall 
gradient owing to the presence and orientation of the coastal ranges to the Coral Sea (Bonell and 
Gilmour, 1980) (Figure 1.4). While there is no ‘dry’ season, rainfall is strongly seasonally with 
>60% occurring during the wettest three months of December to March (Bonell, 1988). The largest 
sources of rainfall are tropical depressions and tropical cyclones that are associated with the 
monsoon trough (Bonell and Gilmour, 1980). These rainfall systems are associated with very high 
rainfall intensities of 400–700 mm occurring over 3 hour periods (Bonell and Gilmour, 1980). Such 
intensities result in very high throughfall in forests, significant saturated overland flow and erosion 
potential (Bonell and Gilmour, 1980). Hydrological interannual variability is associated with the 
ENSO with reduced rainfall and cyclones occurring during El Niño ENSO phases (BOM, 2015). In 
contrast to the majority of eastern Australia, the Wet Tropics hydrological regime varies less over 
decadal scales owing the reduced influence of the Interdecadal Pacific Oscillation (IPO) (Micevski 
et al., 2006). 
The peak river discharge 3-month period in the Wet Tropics is from February to April 
(except in the drier Herbert River catchment) (source: Department of Natural Resources and Mines, 
Queensland Monitoring Information Portal) and demonstrates there is a lag between the periods of 
maximum rainfall and runoff. This early autumn peak discharge period differs from that for other 
tropical Australian rivers, which span January to March (Petheram et al., 2008). Wet Tropics annual 
river flows are some of the least variable throughout eastern Australia because of the perennial flow 
characteristic (Rustomji et al., 2009). Floods occur frequently with overbank events occurring at 
least once (and up to four times) annually (Wallace et al., 2012) (Figure 1.3). 
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Figure 1.3. Images of the South Johnstone River in low flow conditions (Oct 2012) (left) and flood (Jan 
2013) (right). Images are taken approximately 500 m apart within study reaches. 
1.6.2 Geology, regolith and soils 
Regional geology is dominated by three main units: (i) the Silurian-Devonian metamorphic 
sediments of the Hodgkinson's Formation, (ii) the Carboniferous-Permian granites that intruded into 
the older metamorphic rocks and (iii) the Miocene and early Quaternary basalts that originated from 
volcanism on the plateau near Atherton and flowed down into the North and South Johnstone River 
catchments (Willmott and Stephenson, 1989) (Figure 1.4). The three different lithologies have 
strongly influenced the overall physiography of the region. The dominant features include a plateau 
(1000–1600 m Australian height datum – AHD) underlain predominantly by granite that forms the 
western edge of the Wet Tropics region and terminates at an abrupt east-facing escarpment (Figure 
1.4). Numerous isolated ridges and peaks (up to 1622 m AHD) occur east of the escarpment edge 
and these also comprise granites. Metamorphic lithologies are more erodible and comprise the 
lower hills and ridges east of the escarpment. Undulating landscapes occur on basaltic lithologies.  
Extensive weathering of all lithologies results in thick (4 to 6 m) regolith mantles where 
slopes <20% (Douglas, 1973; Thomas, 2004). Soils mapping details nine different soil types within 
the Wet Topics alluvial valleys, which reflect changes in lithology, landscape position and 
geomorphic settings (Murtha, 1986; Murtha, 1989; Cannon et al., 1992; Murtha et al., 1996). 
1.6.3 Vegetation and land use 
Vegetation throughout the Wet Tropics is dominated by rainforest with subdominant open forests 
and woodlands in drier locations (Neldner et al., 2014) (Figure 1.4). Large areas of relatively 
pristine rainforest and sclerophyll occur on the hillslopes and escarpment. Extensive vegetation 
clearing occurred on the lower coastal plain between 1880 and 1900 with the arrival of Europeans 
(Kemp et al., 2007). Outside of the Wet Tropics World Heritage Area and other environmental 
protection areas, the dominant land use is agriculture (horticulture, cropping, grazing). The major 
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urban centres including Cairns, Innisfail, Tully and Ingham are located on the coastal plain (Figure 
1.2). 
 
Figure 1.4. Wet Tropics mean annual rainfall, elevation, lithology and pre-clearing vegetation (data source: 
Queensland Government, Queensland Spatial Catalogue, http://qldspatial.information.qld.gov.au/catalogue/). 
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1.6.4 Selected study catchments 
This thesis focuses on the five major catchments of the Daintree River, North Johnstone River, 
South Johnstone River, Tully River and Liverpool Creek (Figure 1.5). These catchments are 
considered representative of the Wet Tropics in terms of catchment area, rainfall, geology, channel 
gradient and valley width (Table 1.1). In general, Wet Tropics catchments show a progression from 
bedrock-dominated gorges to narrow valleys and partly confined rivers with discontinuous 
floodplains and terraces to a coastal plain with unconfined channels and mixed fluvial, estuarine 
and marine deposits (Thomas et al., 2007). Each catchment represents contributions of the three 
major geologies present throughout the region (Table 1.1). The Daintree River rises in the granite 
tablelands (1348 m AHD), but the majority of the river (85 km) flows as a confined channel 
through narrow valleys cut into metamorphic rocks. The North and South Johnstone Rivers traverse 
basalts on the plateau (1150–1350 m AHD) and flow through narrow gorges (20 km in length) to 
exit into narrow valleys that extend for 25 km downstream. Liverpool Creek rises at the escarpment 
edge (1145 m AHD) on Hodgkinson’s metamorphic rocks, while the headwaters of the Tully River 
traverse Carboniferous-Permian granite ranges (1060 m AHD) and acid volcanics.  
This study specifically examines the fluvial landforms preserved within partly confined 
valleys (15–20 km in length) located between 10 and 40 km upstream of the river mouths, herein 
termed study reaches (Figure 1.5). These settings are characterised by narrow valleys (<2 km wide), 
channel widths of 25–70 m, channel slopes of 0.0009–0.0021 m m-1 and upstream catchment areas 
ranging from 30–900 km2 (Table 1.2). The major landforms in partly confined valleys are alluvial 
fans, terraces and contemporary floodplains (Thomas et al., 2007; Leonard and Nott, 2015a; 
Leonard and Nott, 2015b). 
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Figure 1.5. Selected catchments and locations of study reaches (red boxes) in the Daintree (left) and North 
Johnstone River, South Johnstone River, Liverpool Creek and Tully River catchments (right). 
Table 1.1. Characteristics of selected Wet Tropics catchments.  
Table 1.2. Characteristics of partly confined study reaches in selected catchments. 
River Area 
(km2) 
Max elevation 
(m) 
Mean annual rainfall 
range (mm) 
Dominant 
lithology 
Main channel length 
(km) 
Daintree 1327 1345 1500–4000 Metamorphic, 129
North 
Johnstone 
1030 1365 2400–4000 Basalt 112
South 
Johnstone 
545 1160 2400–4800 Basalt, Granite 92
Liverpool 320 1145 2800–4800 Metamorphic, 48
Tully 1684 1205 2400–4800 Granite 130
River Upstream 
area 
(km2) 
Partly 
confined 
valley 
length 
(km) 
Mean 
valley 
width (km) 
Average 
channel slope 
(m m-1) 
Mean 
channel 
width (m) 
Sinuosity Mean 
floodplain 
width (km) 
Daintree 882 19 1.05 0.0009 50 1.38 0.61
North 
Johnstone 
807 19 0.60 0.0020 70 1.17 0.38
South 
Johnstone 
336 17 0.78 0.0020 60 1.45 0.40
Liverpool 30 15 0.97 0.0021 25 1.34 0.64
Tully 521 20 1.43 0.0019 50 1.20 0.57
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Chapter 2: Alluvial terrace preservation in the Wet Tropics, 
northeast Queensland, Australia 
________________________________________________________________________________ 
This chapter incorporates material included in the following publication: 
Hughes, K., Croke, J., Bartley, R., Thompson, C., Sharma, A., 2015. Alluvial terrace preservation 
in the Wet Tropics, northeast Queensland, Australia. Geomorphology 248, 311–326. 
2.1 Introduction 
Alluvial terraces are topographic landforms that result from floodplain abandonment when a river 
incises, therefore providing records of river aggradation and incision (Leopold et al., 1964). 
Terraces have formed in all global regions and are commonly studied to understand how rivers have 
responded to the combined effects of changes in external controls including climate, tectonics and 
sea level (Merritts et al., 1994; Macklin et al., 2002; Bridgland and Westaway, 2008) and in internal 
controls, such as catchment morphology (Coulthard et al., 2005) and reach-specific conditions 
(Houben, 2003).  
Terraces are generally identified in the landscape using a range of techniques including soil 
properties (Birkeland, 1990; Huggett, 1998), topographic data (Pazzaglia and Gardner, 1993; Jones 
et al., 2007), aerial and satellite imagery (Litchfield and Berryman, 2005), with terrace correlations 
further aided by sedimentology and dating (Stokes et al., 2012). The use of soil characteristics to 
classify terraces provides an important contribution to understanding the broad temporal patterns of 
terrace abandonment (Bull, 1990). Following channel incision, time-dependant weathering 
processes lead to the development of pedogenic constituents such as clay and iron minerals and thus 
soil characteristics are useful for broadly differentiating the ages of terraces (Walker, 1962; Harden 
and Taylor, 1983; Tsai et al., 2007). In this way, using the degree of soil development can help 
overcome issues associated with terraces in areas of subdued topographic relief where differences in 
surface elevations can be unclear (Warner, 1972; Cohen and Nanson, 2008). 
The identification of terraces is predominantly undertaking to study valley aggradation 
phases (i.e. terrace production), with much less attention directed toward the erosional processes 
that influence terrace preservation (Lewin and Macklin, 2003). Terrace preservation, which is 
represented by the remaining terrace as a proportion of the valley floor, reflects changes in the 
processes of channel incision, lateral removal, channel aggradation and channel planform stability 
(Colman, 1983; Lewin and Macklin, 2003). These factors are, in turn, influenced by catchment 
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characteristics such as contributing area (Lewin and Gibbard, 2010), valley width (Richardson et 
al., 2013), stream power (Fryirs and Brierley, 2010) and bedrock resistance (Reneau, 2000). 
The factors that influence terrace preservation can be represented using the concept of force 
and resistance (Bull, 1979). Using this concept, fluvial response (i.e. terrace removal) is considered 
to reflect the balance between driving factors that promote their erosion (e.g. stream power) or 
resistance (e.g. boundary material resistance). While Bull (1979) suggested the use of the specific 
variables of stream power to represent force and critical power to represent the resistance, a 
broader, catchment-scale focus may encompass other factors such as catchment area, drainage 
density, slope, lithology, stream power, valley width, or alluvial material properties that are relevant 
to processes operating over timescales of terrace evolution. 
The main aim of this study is to detail the sedimentology and chronology of terraces as a 
basis for a spatial classification of terraces across five catchments in the Wet Tropics region of 
northeast Australia for the purposes of examining terrace preservation and catchment factors 
associated with their removal. In this study, terraces are mapped based on terrain, elevation and soil 
type, and validated using ground truthing and independent chronostratigraphic data. Catchment 
terrace preservation is assessed using metrics for spatial preservation and remnant configuration. 
The relationship between terrace preservation and a range of catchment variables selected to 
represent drivers of terrace erosion and resistance (i.e. the force-resistance framework) is then 
investigated. These analyses are used to present a conceptual model detailing the dominant terrace 
types and the processes driving their preservation in the Wet Tropics.  
2.2 Study area 
This study examines terraces in study reaches of the Daintree, North Johnstone, South Johnstone, 
Tully and Liverpool Creek catchments, herein termed study reaches. Detailed descriptions of these 
catchments and study reaches are provided in Chapter 1, Section 1.6. 
2.3 Methods 
In order to contrast terrace preservation across the five catchments, terraces were identified 
(through mapping and classification) during an initial desktop analysis phase using data on terrain, 
longitudinal profiles and pre-existing soil mapping. This data was subsequently validated using 
sedimentology and OSL dating. Collectively these data were used to inform a regional-scale 
correlation of terraces across the five catchments. Correlated terraces were allocated a sequence 
code (e.g. T1, T2) with T1 denoting the highest terrace observed across the region. Preservation and 
configuration of terrace sequences in each catchment were assessed in order to: (i) examine the 
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relationships between terrace preservation and surrogate catchment variables for terrace erosion or 
resistance and (ii) determine processes of terrace removal. 
2.3.1 Terrace identification and correlation 
Spatial extent 
Terraces were identified based on the presence of a tread (i.e. a flat, elevated surface) that is 
separated by a distinct break in slope of >20o from lower terraces or the floodplain, the latter which 
is inundated by annual monsoon floods. Terrace remnant perimeters were digitised from the Light 
Detection and Ranging (LiDAR) 1-m digital elevation model (DEM) and its derivative slope and 
hillshade grids using ArcMap Version 10.2 (ESRI, 2013). The spatial extents of the mapped 
terraces were validated in the field. 
Longitudinal profiles 
To classify the downvalley relative elevations of terrace and floodplain surfaces and channel 
profiles, the mean surface elevation (m AHD) for each terrace remnant tread and adjacent 
floodplain and channel was extracted from the LiDAR DEM and longitudinal profiles generated for 
each study reach. 
Soil type 
Soil characteristics can inform the broad temporal differences in terrace abandonment and are 
useful in the correlation of discontinuous terrace remnants. Pre-existing soil type mapping was used 
to identify consistent terrace surfaces and extract their longitudinal profiles. Soil mapping (scale 
1:50, 000) was undertaken across the Wet Tropics catchments between 1986 and 1996 using 
standardised field soil survey techniques (CSIRO, 2008). Soils represent the upper 2 m of material 
and are classified based on: (i) parent material, (ii) landscape position and (iii) the soil physical and 
chemical characteristics according to standard methods (Isbell, 1996; NCST, 2009). The physical 
and chemical properties of Wet Tropics soil types are described in published reports (Murtha, 1986; 
Murtha, 1989; Cannon et al., 1992; Murtha et al., 1996 [available at 
https://publications.qld.gov.au/]). Digital soil data layers were compiled in ArcMap and overlain on 
terrace mapping to identify the soil types associated with each terrace remnant. The soils data were 
used to highlight the occurrence of multiple soil types within single longitudinal profiles for 
subsequent validation. 
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Sedimentology and stratigraphy 
To verify the association between soil types and the underlying stratigraphy and sedimentology, 
cores were extracted from near terrace fronts using a GeoProbe drill rig at representative locations 
within each study reach. Coring depth was determined by either the presence of impenetrable clays 
or bedrock, or saturated sands and gravel. Sediments were logged for texture, Munsell colour, 
mottling, mineral segregations, organic matter, dominant grain size and the nature of unit 
boundaries according to standard methods (NCST, 2009). Particle size analysis of selected 
sedimentary units was conducted by dry sieving (>2 mm) and laser diffraction (<2 mm) using a 
Malvern Mastersizer 2000. Prior to laser diffraction, sediment samples were pre-treated with the 
dispersants Calgon (sodium hexametaphosphate; 10% solution) and sodium hydroxide (10% 
solution) and tumbled for 16 hours to ensure complete dispersal of primary particles. This 
eliminated the need to apply sonication during laser diffraction analysis, which was found to break 
up fragile mineral particles (e.g. mica). Cross sectional stratigraphy was compiled from core and 
exposure logs and overlain onto cross valley profiles derived from the LiDAR DEM. Regolith 
sediments were interpreted from features indicative of extensive weathering such as clay induration, 
kaolinisation and ferruginisation (Ollier and Pain, 1996; Pain, 2008). 
Dating 
A broad terrace chronology was developed from dated sediments extracted from near-surface and 
basal units in terraces and floodplains with the aim to: (i) verify soil types as broad indicators of 
terrace age and (ii) constrain the timing of terrace abandonment. Ages derived from basal 
sediments, or the material deposited immediately above, are considered indicative of the onset 
timing of infilling. Ages from near-surface sediments represent minimum terrace/floodplain 
abandonment ages. Minimum near-surface ages can only represent the earliest age of abandonment 
because of the possible removal of younger sediments through erosion of the terrace surface. 
However, when combined with basal ages from an adjacent lower terrace or floodplain, the age of 
abandonment and period of removal can be constrained. 
Material above 1.0 m was not sampled because of potential complications of bioturbation 
(Duller, 2008). Material suitable for OSL dating was extracted from cores under subdued red-light 
conditions (>590 nm) and processed to isolate pure extracts of 180–212 ȝm light-safe quartz grains 
following standard procedures (Aitken, 1998). Single-grain/small aliquot (two to three grains) 
equivalent dose (De) values were determined using the modified single aliquot-regenerative dose 
(SAR) protocol of Olley et al. (2004) and Risø instrumentation described therein, in combination 
with the acceptance/rejection criteria of Pietsch (2009). The established approach for age modelling 
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(Galbraith and Laslett, 1993; Galbraith et al., 1999; Roberts et al., 2000) was adopted, which 
involves the use of: (i) the central age model to define the degree of overdispersion in single grain 
De populations and (ii) the minimum age model to identify the De component pertaining to fully 
bleached grains.  
Lithogenic radionuclide concentrations were analysed from sediments adjacent to OSL 
samples using high-resolution gamma spectrometry for 238U, 226Ra, 210Pb, 232Th and 40K 
concentrations (Murray et al., 1987). Dose rates were calculated using the conversion factors of 
Stokes et al. (2003) and ȕ-attenuation factors from Mejdahl (1979). Cosmic dose rates were 
calculated from Prescott and Hutton (1994) using an alpha-efficiency ‘Į ’ value of 0.04 ± 0.02 
(Bowler et al., 2003). Water contents were measured directly from each sample and have been 
assumed to be representative of saturation levels over the full period of burial, assigned errors of ± 
5% to account for uncertainty. 
2.3.2 Terrace preservation assessments 
To determine the extent and processes of terrace removal, terrace preservation was assessed in 
terms of the remaining spatial area using an index of terrace preservation, terrace surface dissection 
and cross- and downvalley configurations of terrace remnants. 
Terrace preservation index 
The terrace preservation index (TPI) describes the preserved area of a terrace sequence as a ratio of 
the assumed original terrace area (Colman, 1983) as 
TPIx = A / M 
where x represents the terrace sequence code (e.g. T1, T2), A is the current preserved terrace 
area of the terrace sequence and M is the assumed area prior to downcutting and abandonment. In 
the case of the T1 terrace, the assumed original terrace area was set equal to valley floor area 
(Leopold et al., 1964) as delineated by the valley walls. For subsequent lower terraces, the original 
area was delineated as the valley floor area minus the area occupied by the higher terrace. This 
approach, therefore, necessitates two assumptions: (i) the terrace filled the entire valley trough and 
(ii) valley width has remained constant over the time frames of terrace development. Both are 
reasonable starting points for this analysis. In addition, stacked or row terraces (cf. Lewin and 
Gibbard, 2010), which have no topographic signature are unable to be included. The approach 
therefore identified a minimum number of terraces.   
Terrace preservation was calculated across the whole of the study reach (ܶܲܫx) to assess the 
overall differences in preservation of terraces between catchments. In addition, terrace preservation 
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was calculated for successive 1-km subreach segments within study reaches (ܶܲܫതതതതതx) to assess within-
valley variations in terrace preservation and relationships with catchment variables.   
Analysis of terraces in the field and using LiDAR DEM revealed vertical erosion on terrace 
treads by concentrated overland flow leading to gullying.  Terrace surface dissection was therefore 
described as the percentage of terrace remnants showing surface dissection (TD). In addition, mean 
remnant dissection density was calculated from the total length (km) of the dissected network 
within a remnant as a ratio of remnant area (km2). 
Configuration 
The spatial relationships between terrace remnants were assessed according to: (i) cross-valley 
alignment assessed as paired if remnants are longitudinally aligned on both sides of the valley or 
unpaired if longitudinally staggered, (ii) downvalley continuity, which was expressed as the valley 
length over which terrace remnants are preserved, normalised to the total study reach length (km 
km-1) and (iii) lateral connectivity, expressed as the percentage of terrace remnants that are 
‘connected’ to or ‘disconnected’ from the valley sides. 
2.3.3 Catchment variables and relationships to TPI 
Surrogate variables representing drivers of terrace erosion and resistance (force-resistance 
framework) were derived and regressed against ܶܲܫതതതതതx to explore relationships with preservation 
extent or lack thereof. The surrogate erosion variables included contributing catchment area (CA), 
unit catchment area (UCA), drainage density (DD), total stream power (:) and specific stream 
power (Ȧ) that all relate to the generation of discharge and its conveyance. Derivation methods for 
variables are outlined in Table 2.1 with further details of stream power estimation provided below. 
The surrogate resistance variables included the proportional area of metamorphic (LM), basalt (LB) 
and granite (LG) lithologies, valley width (VW) and percent of combined silt and clay of the alluvial 
material (MA) and underlying colluvial material (MC). Information on particle size was based on 
published soils data for alluvial soils (Murtha, 1986; Murtha, 1989; Cannon et al., 1992; Murtha et 
al., 1996) and inferred from basal material in sediment cores for colluvium. Variables were derived 
for each 1-km segment along each study reach. 
Specific stream power (Ȧ) provides a measure of the rate of energy expenditure per unit area 
of channel (W m-2) and is defined as  
Ȧ = JQs / w  
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where J is unit weight of water (9800 N m-3), Q is discharge (m3 s-1), s is the channel slope 
(m m-1) and w is the mean channel width (m).  
Estimates of Q were based on 1.5-year average recurrence interval flood (Q1.5), which is 
considered representative of bankfull discharge in this region (Wallace et al., 2012). The Q1.5 flood 
was derived from flood frequency analysis of catchment streamflow records using a common record 
length across all catchments (n=37 years; source: http://watermonitoring.derm.qld.gov.au/host.htm). 
The downstream location of streamflow gauges varies between catchments thus, Q1.5 was adjusted 
using the scaling factor F, where the ratio of flows at the gauged and ungauged locations was 
assumed equal to the ratio of upstream contributing areas to the power of b (Grayson et al., 1996) 
using 
F = (ACAG) 
where AC is the ungauged contributing area (calculated for each segment as above), AG is the 
gauged contributing area and b is 0.7 (Grayson et al., 1996). Discharge for each catchment study 
area (Q1.5C) was then calculated as 
 Q1.5C = F*Q1.5G  
Channel slope (s) was calculated from the Shuttle Radar Topographic Mission (SRTM) 
DEM over a distance of 1 km (500 m upstream and downstream) as used by Jain et al. (2006) in 
their stream power calculations for the Hunter River in southeast Australia. Channel width (w) was 
calculated as the average width of the currently active channel within each 1-km segment. Space for 
time substitution was used to infer that contemporary stream powers are representative of those 
over the longer term (Paine, 1985). While there are inherent assumptions with this approach, it is 
considered acceptable for broad indications of landscape change (Fryirs et al., 2012). 
Nonparametric Spearman correlation coefficients (rs values) were computed between ܶܲܫതതതതതx 
and all surrogate variables, given the majority of variables showed nonnormal distributions. 
Statistical significance was defined at p < 0.01. 
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Table 2.1. Details of selected catchment force-resistance variables. 
2.4 Results 
2.4.1 Terrace identification and regional correlation  
Spatial extent 
Desktop mapping indicates terraces extend over ~5.5 km2 in the Liverpool catchment, ~6.5 km2 in 
the North and South Johnstone catchments, ~8 km2 in the Daintree catchment and ~18.5 km2 in the 
Tully catchment. Terraces are fragmented in the Daintree, North and South Johnstone and 
Liverpool catchments while being more continuous in the Tully catchment. 
Longitudinal profiles  
Longitudinal profiles for terraces, floodplains and the present channel are illustrated in Figure 2.1 
and distinguish the different terrace surfaces in each catchment. In the Daintree, Liverpool and 
South Johnstone catchments, terraces are on average 10–15 m above the channel. Two terraces are 
each in the North Johnstone and Tully catchments that differ in height by 2 to 4 m. In the North 
Variable Description Data source 
Contributing catchment area, 
CA (km2) 
Sum area of upstream SRTM-derived 
subcatchments 
SRTM DEM (30 m) 
Unit catchment area, UCA CA / Total catchment area (km2) SRTM DEM (30 m) 
Drainage density, DD 
(km km-2) 
 
Total channel length (km) within CA / 
CA  
SRTM DEM (30 m); 1: 250, 000 
drainage mapping (Source: 
Queensland Government). 
Specific stream power, Ȧ 
(W m-2) 
 
Ȧ = JQs / w 
(see text for derivation method) 
As above for total stream power, 
average channel width measured 
from satellite imagery (n=10 per 
1-km segment). 
Lithology 
LM  
LB  
LG  
 
Metamorphic area within CA / CA  
Basalt area within CA / CA  
Granite area within CA / CA  
1: 250, 000 Geology mapping 
(Source: Geoscience Australia), 
SRTM DEM (30 m) 
 
Valley width, Vw Mean valley width* (km) / CA
*(n=10) 
Alluvial valley floor as defined 
by 1:50, 000 soil mapping 
(Source: Queensland 
Government) 
Terrace alluvium silt/clay, MA 
(%) 
silt % + clay % 1:50, 000 soil mapping (Source: 
Queensland Government) 
Colluvium silt/clay, MC (%) silt % + clay % Sediment core basal material 
sampled in this study 
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Johnstone, the higher terrace comprises a single remnant (Figure 1B), which although insufficient 
for generating a longitudinal profile, was clearly distinguished in the field from the lower terrace 
surface. With the exception of the North Johnstone where the long profiles are more convex and 
differ somewhat between the terrace, floodplain and channel, longitudinal profiles in the other 
catchments are similar. Long profiles are steeper in the catchments of the North Johnstone, South 
Johnstone, Liverpool and Tully compared to those in the Daintree. 
 
Figure 2.1. Long profiles of terraces, floodplains and channels in study reaches. Average gradients of terrace 
surfaces (S) are shown and mapped soil types on terraces (Virgil, Tully, Innisfail) symbolised. Note the 
varying scale of elevation (m AHD) on the y-axis. 
Soil type 
The three distinct soil types that occur on terraces surfaces are the Virgil, Tully and Innisfail soils 
(Murtha, 1986; Murtha, 1989; Cannon et al., 1992; Murtha et al., 1996). The ‘Virgil’ soil is a red 
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(5YR), massive structured, sandy clay loam with a distinct earthy fabric and is classified as a Red 
Kandosol.  The Tully soil is a yellow-brown (10YR) structured silty clay loam and is a classified as 
a Yellow Dermosol. The Innisfail soil is a brown (7.5YR) clay loam and is a classified as a Brown 
Dermosol. All three soils are described as having relatively uniform texture profiles with no major 
particle size change with depth over the 2 m profiles. 
The distribution of these mapped soils is plotted relative to the elevation of terrace remnants 
they are mapped on in Figure 2.1. This illustrates that each terrace is typically associated with a 
single soil type. However, the higher terraces in the Daintree and Tully catchments comprise two 
mapped soil types (Virgil and Tully soils). In these two catchments, the Virgil soil type is mapped 
upstream of the Tully soil type (Figure 2.1). The single remnant of the higher terrace in the North 
Johnstone catchment is mapped as the Virgil soil type. 
Sedimentology and stratigraphy 
Sedimentary analysis of drill cores and available exposures highlight important similarities exist 
between soil type and the underlying sediments. Representative core logs and stratigraphic cross 
sections are illustrated in Figure 2.2 and 2.3 respectively. Terrace sediments associated with the 
Virgil soil type were extracted from the North Johnstone catchment (Table 2.2). Both sediment core 
samples contained clay loams, which display the characteristic red-hued colours (5YR) of the Virgil 
soil type throughout the 7–9.5 m profiles (Table 2.2, Figure 2.2).  This sedimentary unit is relatively 
uniform in nature with no erosional unconformities or observed variations in particle size, colour or 
pedogenic features with depth. Below this unit, there is a clear boundary to the underlying highly 
weathered, cohesive clay material interpreted here as regolith colluvium.  
Terrace sediments associated with the Tully soil type were extracted from the Liverpool 
catchment and were drilled to refusal at 8 m, induced by compacted, mottled clays interpreted as 
colluvium (Table 2.2, Figure 2.2). Basal units of sand and gravel deposits are overlain by a thick 
(4.5 m) fine-grained, yellow-hued (10YR) sandy clay loam sediments with an interbedded fine sand 
unit. Mottling of fine-grained sediments to 4.5 m depth provides evidence for extensive weathering. 
Sediments underlying the Innisfail soil type were sampled in the North Johnstone, South 
Johnstone and Tully catchments (Table 2.2). In the South Johnstone and Tully catchments, cores 
were drilled to depths of 5–6 m, with mottled clays interpreted here to be colluvium occurring as 
shallow as 2–3 m (Table 2.2, Figure 2.2). In the North Johnstone catchment, the core was drilled to 
6 m where a cobble deposit, interpreted to be channel material, prevented deeper drilling (Figure 
2.2). In all of these five cores, the alluvial sediments consist of fine-grained, brown (7.5YR) sandy 
clay loams, which are similar to the properties of the Innisfail soil. Within this unit, no erosional 
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unconformities or major variations in particle size, colour or pedogenic features are observed. The 
consistent brown colour of all sediments underlying the Innisfail soil across these three catchments 
suggests similar weathering regimes. 
Floodplains in the North Johnstone, South Johnstone and Tully reaches were cored to 
establish basal floodplain ages and show floodplains are underlain by coarse sand, gravels and 
cobbles interpreted as channel deposits. Immediately above this are units of finer-grained sediments 
comprising fine sands, loamy sands or clay loams, which were sampled for dating. 
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Figure 2.2. Representative core logs associated with each of the three terrace soil types with OSL ages (ka) 
shown. ‘na’ denotes OSL samples that did not produce statistically valid ages. 
 
31 
Table 2.2. Terrace sedimentary characteristics. 
 
Catchment Soil type 
(regional 
terrace) 
Core 
ID 
Drilling 
depth 
(m) 
Sedimentary characteristics 
North Johnstone 
 
Virgil  
(T1) 
 
N1 9.5 Dark reddish brown (5YR3/3) sandy clay loam. 
Mottle abundance (red, grey) increase with 
depth. No bedding or distinct boundaries 
observed within this unit. Clear transition to 
clay, with veins of sand and gravel (colluvium) 
at 9.3 m. 
N2 7.0 Yellowish red (5YR4/6) sandy clay loam. 
Mottles from 4 m (red, grey). No bedding or 
distinct boundaries observed within this unit. 
Innisfail 
(T2) 
N3 6.0 Brown (7.5YR4/3) clay loam. No bedding, or 
distinct boundaries observed within this unit. 
Gradual transition to sand at 4.5 m. Clear 
boundary to cobbles at 5.5 m. 
South Johnstone 
 
Innisfail 
(T2) 
S1 5.0 Brown (7.5YR4/4) sandy clay loam. No 
bedding or distinct boundaries observed within 
this unit. Clear boundary to mottled (grey, 
orange, red) clay (colluvium) at 4.5 m. 
S2 5.0 Brown (7.5YR4/3) sandy clay loam. No 
bedding or distinct boundaries observed within 
this unit. Clear boundary to mottled (grey, 
orange, red) clay (colluvium) at 3.0 m. 
S3 10.0 Brown (7.5YR4/4) sandy clay loam. No 
bedding or distinct boundaries observed within 
this unit. Clear boundary to mottled (grey, 
orange, red) clay (colluvium) at 4.5 m. 
Liverpool 
 
Tully  
(T1) 
L1 8.0 Yellowish brown (10YR5/6), mottled sandy 
clay loam with thin (0.2 m) fine sand unit. 
Clear boundary to medium sand at 4.5 m. Clear 
boundary to gravel (<4 mm) at 5.2 m. Clear 
boundary to coarse sand at 5.7 m. Clear 
boundary to mottled clay (colluvium) at 7.0 m.  
Tully 
 
Innisfail 
(T2) 
Tu1 6.0 Brown (7.5YR4/3) clay loam. No bedding or 
distinct boundaries observed within this unit. 
Mottled clays with angular fine (2 mm) gravels 
and coarse sand (colluvium) from 2.0 m. 
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Figure 2.3. Cross-sectional terrace chronostratigraphy for study reaches. Refer to Figures 2.4 and 2.5 for 
cross section locations. ‘na’ denotes OSL samples that did not produce statistically valid ages. 
Terrace chronology 
A preliminary terrace chronology is provided by OSL dating of near-surface and basal material 
within terraces, as well as from basal material in floodplains across four catchments (Table 2.3). No 
terrace or floodplain material was obtained from the Daintree catchment. OSL samples derived 
from terraces associated with the three different soil types are used to constrain the age of terrace 
abandonment and period of removal. Of the six terrace samples from the Virgil soil terrace in the 
North Johnstone catchment, statistically significant ages could not be determined for five of the 
samples owing to a lack of dateable quartz. The only age produced from this profile is from a near-
surface sample (1.3 m) that was dated to 14.4 ± 1.6 ka (Table 2.3). Basal sediments associated with 
the Innisfail soil in the North Johnstone catchment produced an age of 7.75 ± 0.71 ka (5 m). Based 
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on these dates, the timing of abandonment and subsequent removal for terraces comprising the 
Virgil soil can be constrained to between 14 and 7.75 ka.  
Sediments underlying the Tully soil in the Liverpool catchment yielded ages of 13.7 ± 2.3 
ka (2.2 m), 12.5 ± 2.1 ka (4.2 m) and 12.9 ± 2.2 ka (2.5 m) (Table 2.3). Basal floodplain units could 
not be dated because of insufficient dateable quartz. The OSL dates from these terraces are all 
within error of each other and indicate abandonment at ~13 ka (i.e. mean age of three samples). 
This abandonment age is similar to that of the Virgil soil terrace in the North Johnstone (~14.4 ka).  
Sediments underlying the Innisfail soil were sampled in the South Johnstone, North 
Johnstone and Tully catchments. Basal sediments in the South Johnstone yielded ages of 7.06 ± 
0.60 ka (4.4 m), 7.15 ± 0.89 ka (2.5 m), 7.75 ± 1.00 ka (3.5 m) and 7.59 ± 1.09 ka (4.5 m) (Table 
2.3). These ages are similar to the basal age from the North Johnstone detailed above. Collectively, 
the basal ages from the Innisfail terrace in these two catchments suggest the onset of infilling 
occurred at ~7.5 ka (i.e. mean age of five basal samples). Near-surface samples are dated to 5.29 ± 
0.49 ka (1.3 m) in the South Johnstone and 4.48 ± 0.48 ka (1.3 m) in the Tully catchment, from 
which a mean near-surface age of ~4.8 ka is estimated. Basal floodplain ages of 1.11 ± 0.15 ka were 
derived in the South Johnstone, 1.56 ± 0.13 ka in the Tully and 0.94 ± 0.10 ka in the North 
Johnstone; these ages give a mean basal age of ~1.2 ka. Combining the near-surface ages from the 
Innisfail terrace with the floodplain basal ages, the abandonment and removal of this terrace can be 
constrained to between 4.8 and 1.2 ka. 
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Table 2.3. OSL sample details, radionuclide concentrations and ages (2 sigma errors). NJ – North Johnstone, SJ – South Johnstone; LP – Liverpool, TL – Tully. All 
radionuclide values are in Bq kg-1. ‘n/a’ indicates where an OSL age could not be returned. Corresponding radial plots are provided in Appendix A. 
 
 
Catchment ID Landform Latitude Longitude Depth 
(m) 
238U 226Ra 210Pb 210Pbex 228Ra 228Th 40K Dose rate 
total 
(Gy/ka) 
De (Gy) Age (ka) 
NJ N1 T1 terrace –17.542453 145.943582 1.3 54 ± 8 53 ± 5 43 ± 9 -10 ± 10 73 ± 5 71 ± 4 325 ± 24 3.09 ± 0.28 44.4 ± 2.8 14.4 ± 1.6 
NJ N1 T1 terrace –17.542453 145.943582 6.0 49 ± 12 27 ± 2 29 ± 8 3 ± 8 50 ± 4 53 ± 3 362 ± 21 2.32 ± 0.20 n/a n/a 
NJ N1 T1 terrace –17.542453 145.943582 9.0 59 ± 6 47 ± 5 44 ± 9 -3 ± 10 32 ± 3 60 ± 4 384 ± 27 2.59 ± 0.23 n/a n/a 
NJ N2 T1 terrace –17.543837 145.944061 1.3 60 ± 10 46 ± 4 48 ± 10 2 ± 11 59 ± 5 59 ± 3 466 ± 21 3.08 ± 0.27 n/a n/a 
NJ N2 T1 terrace –17.543837 145.944061 2.5 60 ± 15 44 ± 5 76 ± 22 32 ± 22 66 ± 8 59 ± 5 563 ± 44 3.85 ± 0.37 n/a n/a 
NJ N2 T1 terrace –17.543837 145.944061 6.5 59 ± 8 51 ± 5 63 ± 12 11 ± 13 64 ± 5 63 ± 4 164 ± 15 2.31 ± 0.24 n/a n/a 
NJ N3 T2 terrace –17.527676 145.962245 1.3 77 ± 17 56 ± 6 69 ± 1 13 ± 6 68 ± 9 74 ± 5 711 ± 52 4.03 ± 0.34 4.93 ± 0.40 1.22 ± 0.14 
NJ N3 T2 terrace –17.527676 145.962245 5.0 43 ± 8 36 ± 3 41 ± 9 4 ± 9 52 ± 5 56 ± 3 633 ± 27 3.36 ± 0.27 26.0 ± 1.1 7.75 ± 0.71 
NJ N4 Floodplain –17.527181 145.974046 6.5 58 ± 16 50 ± 5 55 ± 18 4 ± 19 75 ± 8 68 ± 4 677 ± 48 3.53 ± 0.30 3.32 ± 0.23 0.94 ± 0.10 
SJ S1 T2 terrace –17.59422 146.004306 1.3 54 ± 11 45 ± 4 51 ± 11 6 ± 12 119 ± 8 124 ± 5 710 ± 28 5.20 ± 0.45 27.5 ± 0.8 5.29 ± 0.49 
SJ S1 T2 terrace –17.59422 146.004306 4.4 51 ± 10 44 ± 4 39 ± 8 -5 ± 9 37 ± 4 74 ± 4 843 ± 57 4.14 ± 0.33 29.2 ± 0.9 7.06 ± 0.60 
SJ S2 T2 terrace –17.586647 146.014581 1.0 83 ± 12 84 ± 8 92 ± 18 8 ± 20 94 ± 9 96 ± 6 550 ± 41 4.17 ± 0.44 n/a n/a 
SJ S2 T2 terrace –17.586647 146.014581 2.5 82 ± 12 83 ± 8 89 ± 14 6 ± 17 102 ± 8 99 ± 6 228 ± 20 3.35 ± 0.35 23.9 ± 1.6 7.15 ± 0.89 
SJ S3 T2 terrace –17.5851 146.020582 1.8 67 ± 7 55 ± 5 48 ± 9 -7 ± 10 96 ± 8 83 ± 4 775 ± 42 4.37 ± 0.36 n/a n/a 
SJ S3 T2 terrace –17.5851 146.020582 3.5 59 ± 8 47 ± 4 61 ± 9 15 ± 10 78 ± 5 86 ± 4 614 ± 28 4.25 ± 0.38 32.9 ± 3.0 7.75 ± 1.00 
SJ S3 T2 terrace –17.5851 146.020582 4.5 106 ± 20 86 ± 8 83 ± 12 -3 ± 15 119 ± 10 117 ± 7 443 ± 31 4.38 ± 0.43 33.3 ± 3.5 7.59 ± 1.09 
SJ S4 Floodplain –17.587193 146.019026 5.5 51 ± 10 43 ± 5 45 ± 10 2 ± 11 75 ± 7 67 ± 5 768 ± 54 3.33 ± 0.27 3.69 ± 0.40 1.11 ± 0.15 
LP L1 T1 terrace –17.719746 145.933644 2.2 60 ± 14 39 ± 4 47 ± 13 8 ± 13 62 ± 6 64 ± 4 846 ± 60 4.66 ± 0.39 64.0 ± 9.5 13.7 ± 2.3 
LP L1 T1 terrace –17.719746 145.933644 4.2 50 ± 15 34 ± 3 39 ± 10 5 ±11 61 ± 5 52 ± 3 831 ± 37 3.67 ± 0.27 45.9 ± 7.0 12.5 ± 2.1 
LP L2 T1 terrace –17.719746 145.933644 2.5 61 ± 15 32 ± 3 46 ± 11 14 ± 12 53 ± 6 49 ± 3 746 ± 53 3.96 ± 0.33 51.2 ± 7.6 12.9 ± 2.2 
LP L2 T1 terrace –17.719746 145.933644 7.5 55 ± 10 44 ± 4 46 ± 9 2 ± 10 63 ± 5 58 ± 4 438 ± 26 3.10 ± 0.27 n/a n/a 
LP L3 Floodplain –17.724098 145.939767 6.3 21 ± 6 15 ± 2 24 ± 7 10 ± 7 25 ± 3 21 ± 2 836 ± 35 3.11 ± 0.21 n/a n/a 
TL Tu1 T2 terrace –17.898668 145.77591 1.3 89 ± 11 76 ± 6 70 ± 11 -5 ± 13 112 ± 7 115 ± 5 734 ± 30 4.95 ± 0.43 22.2 ± 1.8 4.48 ± 0.48 
TL Tu2 T2 terrace –17.901136 145.774613 5.5 25 ± 7 24 ± 2 31 ± 5 7 ± 6 39 ± 3 32 ± 2 675 ± 27 3.26 ± 0.25 5.07 ± 0.19 1.56 ± 0.13 
TL Tu3 Floodplain –17.888206 145.767963 0.7 70 ± 11 63 ± 5 65 ± 11 -5 ± 11 76 ± 5 75 ± 3 812 ± 32 4.67 ± 0.38 0.52 ± 0.09 0.11 ± 0.02 
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Regional terrace correlations 
Elevation and soil type classifications of terraces, verified using sedimentary data and the OSL 
chronology are used to correlate terraces within and between study reaches. Consequently, two 
terraces are recognised regionally and their mapped distribution is shown in Figures 2.4 and 2.5. 
The higher T1 terrace encompasses the Virgil and Tully soils, which although pedologically 
distinct, were dated to have similar abandonment ages of 13 ka in the Liverpool catchment and 14.4 
ka in the North Johnstone catchment. All near-surface ages from the Virgil and Tully terraces are 
within error of each other (Table 2.3). The period of removal of the T1 terrace began after 13-14 ka 
and ceased prior to 7.4 ka when the T2 terrace began infilling. The timing of the infilling of T1 is 
poorly constrained by this chronology. The T1 terrace occurs in the Daintree, North Johnstone, 
Liverpool and Tully catchments (Figures 2.4, 2.5). 
The lower T2 terrace is characterised by the Innisfail soil, which is chronologically distinct 
(Table 2.3). Infilling occurred at ~7.4 ka and abandonment at ~4.9 ka. Removal of the T2 terrace 
ceased at ~1.2 ka (i.e. mean basal age of floodplains in North Johnstone, South Johnstone and Tully 
catchments). The relatively young near-surface age from the T2 terrace in the North Johnstone 
catchment (1.2 ka) most likely indicates deposition during overbank flooding around this time. The 
T2 terrace occurs in the North and South Johnstone and the Tully catchments (Figures 2.4, 2.5).  
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Figure 2.4. Maps showing the distribution of T1 and T2 terraces in the Daintree and Tully catchments. 
Mapped soil types for terrace remnants are shown: Vi – Virgil; Tu – Tully; In – Innisfail. Locations of cross 
sections detailed in Figure 2.3 are shown in blue. 
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Figure 2.5. Maps showing the distribution of T1 and T2 terraces in the North Johnstone, South Johnstone, 
and Liverpool catchments. Mapped soil types for terrace remnants are shown: Vi – Virgil; Tu – Tully; In – 
Innisfail. Locations of cross sections detailed in Figure 2.3 are shown in blue. 
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2.4.2 Terrace preservation  
Terrace preservation as described by the terrace preservation index (TPIx), terrace surface dissection 
and remnant configurations are summarised for each terrace and catchment in Table 2.4. 
Considerable variability exists in T1 terrace preservation between catchments (TPIT1 = 0.07–0.38). 
In contrast, preservation of the T2 terrace is relatively similar across catchments (TPIT2 = 0.44–
0.61). Comparisons of TPIT1 and TPIT2 across catchments shows that preservation is inversely 
proportional with higher T1 preservation where the T2 terrace preservation is minimal. The 
majority of T1 and T2 terrace remnants are dissected, although gully networks are the most 
developed in the T1 terraces in the Daintree and Liverpool catchments (Figure 2.6). 
Terrace configuration also differs considerably between catchments. For example, T1 
terrace remnants in the Daintree catchment are predominantly unpaired while paired remnants 
predominantly characterise the T2 terrace in the Tully catchment. The majority of terrace remnants 
are ‘connected’ to the valley side, or higher terraces. However, mapping also revealed the existence 
of ‘disconnected’ terrace remnants in the Liverpool catchment (Figures 2.3, 2.5). Disconnected 
terrace remnants are isolated from the valley sides and appear in profile as ‘mesas’ and are 
surrounded by floodplains that display evidence of a network of abandoned channels. 
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Table 2.4. Terrace topographic and preservation characteristics. 
Terrace  
Average 
elevation above 
channel (m) 
Mean slope 
(m m-1)  TPIx 
Surface 
dissection (gully 
density,         
km km-2) 
 
Configuration 
Cross-valley 
alignment 
Lateral 
connectivity 
Downvalley 
connectivity 
(km km-1) 
Daintree T1
 
14 0.0008
 
0.38 90% dissected 
(5.0) 
 18% paired 100% connected 0.70
 
North Johnstone T1 12 Na — single 
remnant only 
0.07 100% dissected 
— single 
remnant only 
(1.1) 
 Unpaired —
single remnant 
only 
100% connected 0.05
 T2 10 0.0017
 
0.44
 
50% dissected 
(2.6) 
 55% paired
 
100% connected 0.80
 
South Johnstone T2 10 0.0017 0.45 30% dissected 
(2.6) 
 45% paired
 
100% connected 0.50
 
Liverpool T1 10 0.0019 0.35 50% dissected 
(5.2) 
 58% paired 60% connected 0.50
 
Tully T1 10 0.0018 0.10 100% dissected 
(2.6) 
 50% paired 100% connected 0.25
 
 T2 6 0.0011 0.61 100% dissected 
(1.0) 
 88% paired
 
100% connected
 
0.85
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Figure 2.6. LiDAR DEM images showing examples of gullies that dissect T1 terrace surfaces in the Daintree 
(left) and Liverpool catchments (right). Terrace fronts are denoted by the solid white line and valley margin 
by the dashed white line.   
2.4.3 Relationship between terrace preservation and catchment variables 
Correlation analysis (Spearman, rs) shows that, surrogate variables for drivers of terrace erosion 
and resistance are not strongly related to the preservation of either the T1 terrace (ܶܲܫതതതതതT1) or the T2 
terrace (ܶܲܫതതതതതT2) (Table 2.5). Specific stream power (Ȧ) is the only significant variable (p < 0.01) 
correlated with ܶܲܫതതതതതT1 and with ܶܲܫതതതതതT2 and shows a negative correlation. Visualisation of bivariate 
scatterplots revealed some clear clusters in the data that corresponded to each catchment. Thus, to 
examine these relationships further ܶܲܫതതതതതT1 and ܶܲܫതതതതതT2 were plotted against the variables of Ȧ, MA, LB 
and LM, which we consider to represent the key drivers of erosion and resistance. Figure 2.7 shows 
the median and 10th and 90th percentiles for ܶܲܫതതതതതT1 and ܶܲܫതതതതതT2 plotted against the four selected 
erosion/resistance variables. Similar patterns are evident between ܶܲܫതതതതതT1 and ܶܲܫതതതതതT2 and variables of 
Ȧ and LB, although these are characterised by positive and negative trends respectively. 
Associations with MA and LM differ between ܶܲܫതതതതതT1 and ܶܲܫതതതതതT2. 
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Table 2.5. Spearman (rs) correlation coefficients computed between terrace preservation for the T1 terrace 
(ܶܲܫതതതതതT1) (n=74) and T2 terrace (ܶܲܫതതതതതT2) (n=58) and catchment force-resistance variables (refer to Table 2.1). 
Values in bold are significant at p < 0.01. 
   Force variables  Resistance variables
CA UCA DD Ȧ  LM LG LB VW MA MC
ܶܲܫതതതതതT1 0.26 0.39 0.35 -0.47  0.47 0.07 -0.51 0.18 0.09 -0.14 
ܶܲܫതതതതതT2 0.14 0.09 0.02 -0.37  -0.12 0.08 -0.19 -0.24 -0.24 0.51 
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Figure 2.7. Bivariate scatter plots of terrace preservation and force-resistance variables. Median values and 
10th and 90th percentiles are plotted for T1 terrace (ܶܲܫതതതതതT1) (left column) and ܶܲܫതതതതതT2 (right column) and 
variables of specific stream power (Ȧ), terrace alluvium silt/clay (MA), proportion basalt lithology (LB) and 
proportion metamorphic lithology (LM). DT – Daintree, LI – Liverpool, NJ – North Johnstone, SJ – South 
Johnstone, TL – Tully. 
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2.5 Discussion 
Mapped, correlated and dated terraces form the basis for our understanding of how river systems 
evolve (Leopold et al., 1964). River terraces are known to be preserved in a wide range of settings 
and basin sizes (Macklin et al., 2002; Bridgland and Westaway, 2008) and have been described here 
across five catchments in the Wet Tropics region of northeast Australia. This study identified and 
classified the major terraces across the region, with initial emphasis on available topographic and 
soils data. The use of surface elevations in terrace classifications is well established (Leopold et al., 
1964) and availability of digital elevation models to derive elevation information is now common 
(Stokes et al., 2012). Similarly, the properties of alluvial soils are considered to reflect time-
dependant processes and are commonly used in the identification (Birkeland, 1990; Huggett, 1998) 
and relative dating of terraces (Tsai et al., 2007). Combining long profiles and soil characteristics 
was implicit in the early notion of ‘K’ weathering cycles (Walker, 1962) and used to develop age-
to-height relationships, which were then interpreted as synchronous regional climatic phases 
(Warner, 1970; Warner, 1972; Young, 1976). 
This study reveals elevation and soils data sets are useful starting points in the identification 
of terraces at the regional scale, but when verified with independent sedimentary and chronological 
data, a number of limitations were identified. This suggests no single attribute should be relied upon 
for regional correlation of terraces. For example, terraces with a common elevation of ~10 m are 
mapped in four of the five catchments, but the additional data (e.g. soils, dating) identifies these as 
different terraces (e.g. T1 in the Tully and T2 in South Johnstone). Chronological data was critical 
for the final terrace correlations. Although several samples did not return a statistically significant 
age because of low populations of quartz, reported ages are sufficient to confirm the distinct timing 
of abandonment of the T1 (13–7.4 ka) and T2 terraces (4.9–1.2 ka). The OSL data also indicates 
that different soil types (i.e. Virgil and Tully), although displaying clear pedological differences, are 
of similar age (14–13 ka). These two soil types co-occur in the Daintree and Tully catchments with 
the sandier Virgil soils existing upstream of the fine-grained Tully soils. Their different 
characteristics might represent a downstream fining as a result of overall downstream reductions in 
stream power (Jain et al., 2008). 
The age-to-height and chronostratigraphic data presented appears relatively straightforward 
compared with previous investigations in similar partly confined valleys in New South Wales 
(NSW) (Cohen and Nanson, 2008; Cheetham et al., 2010). These studies highlight the existence of 
‘polycyclic’ terraces and caution that alluvial units in these narrow valley settings can share similar 
elevations but be very different in basal age. Thus, the assumption that the continuity of terrace 
surfaces along a valley is representative of coeval formation is often invalid. A recognised 
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limitation of the present study, like much previous work, is the spatial representation of the 
chronostratigraphic sections used to verify the elevation and soils data. For example, many sites are 
restricted to the lower end of the long profile. However using terrace soils, which show: (i) distinct 
characteristics between surfaces, (ii) regional distribution, (iii) similarities to deeper sediments and 
(iv) two chronologically distinct groups, provide some assurance that the chronology is 
representative of terraces throughout the region. Where valleys retain ‘patchy’ terrace remnants, the 
resultant age-height data sets will be complex compared to those resulting from more whole-of-
valley removal of alluvial units. The notable absence of T1 or T2 terraces from any given catchment 
seems a likely indicator of complete removal from these valleys. Further dating is required to 
investigate these interpretations. For example, a recent study in the Daintree catchment reported the 
existence of three terrace surfaces (Leonard and Nott, 2015a). The highest Daintree terrace 
correlates well in terms of elevation (10–15 m above the channel) and age (18–30 ka) with the T1 
terrace identified in this study and the middle terrace (comprising a single, small remnant ~50 m 
wide) is similar in age (4–6 ka) to the T2 terrace detailed here. The lower terrace (basal ages of ~1 
ka) correlates well with what is considered as the annually inundated floodplain in this study. Soils 
mapping in the Daintree catchments reveal distinct soils occur on the three dated surfaces and 
confirms that soils mapping can accurately characterise the underlying sediments to 7-m depth in 
these settings. It appears broadly similar trends in terrace development have occurred across Wet 
Tropics catchments, which will be further examined in Chapter 6.  
2.5.1 Terrace preservation 
Terrace preservation reflects the nature and rate of river processes since terrace formation (Lewin 
and Macklin, 2003).  The terrace sediments dated in this study provide a record of fluvial activity 
spanning 4–15 ka. This is within the lower range of the alluvial record from similar partly confined 
valleys in NSW (10–35 ka) (Cohen and Nanson, 2008; Cheetham et al., 2010). The Wet Tropics 
terrace record is considerably shorter than that from the larger valleys west of the Great Dividing 
Range (Page et al., 1996), coastal southeastern catchments (Nott et al., 2002; Nanson et al., 2003) 
and northern dry tropics of the Fitzroy basin (Croke et al., 2011).  As noted elsewhere, the relatively 
steep, narrow and partly confined nature of the settings in the current study enhances the removal of 
alluvium through higher stream power. High stream power, as a result of the regular occurrence of 
high magnitude-low frequency extreme flood events and cyclones (Nott and Hayne, 2001), is likely 
to explain the poor preservation potential of alluvial material in these tropical catchments.  Older 
terraces in this study are generally less preserved (i.e. lower TPI) than younger terraces. This is in 
contrast to other investigations that note the inherent bias in the preservation of older terraces 
thought to be more resistant to erosion (Lewin and Macklin, 2003; Lewin et al., 2005; Cheetham et 
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al., 2010). Preservation of T1 terraces has an important influence on the preservation potential of 
subsequent alluvium. This is demonstrated in this study by the absence of a T2 terrace where T1 is 
well preserved (e.g. Daintree and Liverpool catchments) and vice versa, with higher extents of the 
T2 terrace where T1 is spatially restricted (e.g. Tully catchment).  
Quantitative explanations for the variability in terrace preservation using an array of 
catchment variables designed to reflect variations in removal and resistance processes are 
inconclusive at the regional scale.  Correlation analyses highlight the potentially important roles of 
specific stream power and underlying lithology, but these are relatively weak indicators of terrace 
preservation across the region (rs < 0.6; Table 2.5). While to some degree this is likely influenced 
by catchment-specific patterns, several other confounding factors are possible. Firstly, the 
resolution of the data sets used to derive some of the variables such as stream power is, by 
necessity, coarse given available data and large spatial extent of five study catchments. Notably, the 
use of contemporary discharge records as representative of discharges over the time frames of 
terrace development could be questioned. However grain size records in core logs indicate a 
relatively small variability in the size of transported material across the valley floors. Unlike 
terraces in other settings in NSW where coarse gravel lags over bedrock are taken to indicate much 
higher discharge regimes between late Pleistocene terrace and Holocene floodplain units (Nanson 
and Young, 1987; Nanson and Young, 1988; Cohen and Nanson, 2008), the dominance of silts and 
clays overlapping thick regolith in Wet Tropics terraces would suggest that relatively low stream 
powers were associated with flooding and alluvial deposition in the valley trough. The age of 
abandonment of the T1 terrace post-dates the Last Glacial Maximum (LGM) (21–18 ka) that was 
characterised as relatively dry and cool in northeastern Australia with estimated reductions in 
rainfall of 60% reported (Kershaw and Nanson, 1993; Moss and Kershaw, 2000), which indicates 
the infilling of this terrace may have occurred during the LGM. The second possible cause of poor 
correlations is the likely influence of extreme discharge events in the removal of alluvial sequences. 
Dated terraces confirm large gaps in alluvial sedimentation that is best explained by the episodic 
removal of central tracts of valley floor in response to high magnitude flood events. These 
processes are poorly represented in the range of variables used in the analysis. 
2.5.2 Terrace preservation and force-resistance conditions 
While surrogate variables for erosion and resistance were not strongly correlated with terrace 
preservation across the region (Table 2.5), differences between catchments were evident (Figure 
2.7). This highlights the potential of a range of different force-resistance processes driving terrace 
preservation. To examine this further we focused on the three major types of terrace configurations: 
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paired, unpaired and disconnected (Table 2.4). We evaluated how these may be explained using the 
force-resistance variables of stream power (Ȧ) and alluvial material resistance (MA). For each 
configuration type, values for the explanatory variables were derived from the catchment where the 
configuration is best exemplified. From the analysis of bivariate plots (Figure 2.7), lithology 
variables LB and LM were excluded based on their absence from some catchments, which limited 
their use as discriminatory variables at the regional scale. The resulting relationship between terrace 
configuration, force-resistance variables and terrace preservation (ܶܲܫതതതതതx) is shown in Figure 2.8. 
This provides some insight into how force-resistance variables interact to influence terrace 
preservation. 
 
 
Figure 2.8. Terrace configuration (unpaired, paired, disconnected) plotted by specific stream power (Ȧ) and 
terrace alluvium silt/clay (MA). Points are categorised by median ܶܲܫതതതതതx. 
2.3.9 Terrace typology and a conceptual model of terrace preservation 
Characterisation of the dominant terrace configurations and their relationship to drivers of erosion 
and resistance within the fluvial system (Figure 2.8) allows some commentary on the processes 
driving the preservation of the three major terrace types (Figure 2.9). 
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Figure 2.9. Terrace types and dominant processes of preservation. 
Type 1: Paired, overlapped 
Cross-valley pairing of T1 and T2 terrace remnants is evident in all study catchments, particularly 
in the lower reaches; however, is best characterised by the T2 terrace in the Tully catchment where 
paired remnants occupy the majority of the valley. Sediments drilled from paired terraces across 
four catchments revealed the presence of colluvium in the base of cores at all sites. A lack of 
erosional contacts and grain size variability with depth indicate that terrace alluvium is onlapped 
over older colluvial valley fills. Specifically, in the Tully catchment, soils developed on fine-
grained colluvium flank the entire study reach (Murtha, 1986). The depth to bedrock underlying the 
colluvium could not be established owing to the resistant nature of the colluvial sediments, but 
previous studies in the region report common depths of at least 4–6 m (Thomas et al., 2007). The 
material properties and characteristics of the overlying fluvial deposits indicate that colluvial 
regolith likely forms an important source of fine-grained material for the construction of these 
overlapped terraces in this tropical setting.   
Paired terraces are used as an indicator for the relative importance of vertical channel 
incision over lateral channel adjustments (Bull, 1979; Merritts et al., 1994), the former which 
enhances terrace preservation potential (Lewin and Macklin, 2003). Paired terrace configurations 
dominate in settings with relatively high specific stream powers and alluvium that is of relatively 
moderate resistance (Figure 2.8). While the relatively cohesive alluvium would provide some lateral 
resistance to erosion during bankfull and overbank events, it is the presence of colluvium 
underlying the terraces that is also important for the preservation of this terrace type. The lower 
resistance of colluvial deposits to downcutting, compared to that of highly resistant granite bedrock 
(Pazzaglia et al., 1998), enhances the effectiveness of vertical incisional processes. Once incised, 
the highly cohesive banks constrain lateral fluvial adjustment and undercutting of terrace alluvium. 
The influence of colluvium on terrace preservation highlights the importance of inherited catchment 
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morphologies on subsequent fluvial development in these catchments (Phillips, 2006; Fryirs and 
Brierley, 2010). Vertical incision may occur gradually in association with annual flooding events in 
these rivers. However, more rapid episodes of vertical incision may occur in association with 
extreme discharges given the sensitivity of channel long profiles in tectonically inactive, regolith-
dominated settings (Pazzaglia et al., 1998). In this region, extreme discharges are most likely 
related to the occurrence of floods associated with cyclones. 
Type 2: Unpaired, inset 
Unpaired terraces are most common in the upper reaches of the study catchments, particularly the 
Daintree catchment, where remnants typically are small. Remnants are larger in the lower reaches 
of the North Johnstone catchment. This form is underlain by channel deposits as was observed in 
the North Johnstone and this suggests these forms are associated with laterally mobile channels 
(Merritts et al., 1994; Lewin and Gibbard, 2010). In this study, unpaired terraces are associated with 
lower stream powers and lower resistance of alluvial material (Figure 2.8). However, stream powers 
in these study reaches are considerably higher than is typical of laterally migrating systems (cf. 
Nanson and Croke, 1992). Together with the morphology of the adjacent floodplains — which 
show flood chutes, abandoned channels and backswamps — this suggests that removal of these 
terrace forms occurs primarily through rapid channel adjustments.  These terraces types are 
typically connected to the valley side margins and are often characterised by highly dissected 
surfaces (Figure 2.6) highlighting the additional role of hillslope runoff processes in the 
development of gully networks that enhance terrace removal. 
Type 3: Disconnected 
Disconnected terrace remnants are isolated mesa-type forms most commonly observed in the 
Liverpool Creek catchment.  The form indicates that removal processes operate at both the terrace 
front and valley sides through the repeated occurrence of channel avulsion as reported for similar 
settings elsewhere (Erskine et al., 2005; Erskine et al., 2012; Phillips, 2012). Imagery from the 
Liverpool floodplain clearly indicates the presence of multiple palaeochannels and flood chutes and 
it is likely such channels operate effectively at removing terrace material from the valley margins 
and terrace front. Extensive dissection of the terrace surfaces in the Liverpool catchment, as 
indicated by well-developed gully networks, many of which are concentrated at the terrace-hillslope 
margin, suggests that this is an additional process that contributes to the removal of terrace 
remnants from these valleys. 
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2.6 Conclusion 
Alluvial terraces are important landforms that provide information on how catchments have 
adjusted over time. This study described the characteristics and spatial preservation of terraces in 
five catchments in tropical northeast Queensland, Australia. Long profiles, soil type, sedimentology 
and OSL dating were used to identify and correlate two terraces (T1, T2) across the study 
catchments. The preservation of T1 and T2 terraces were described using the terrace preservation 
index (TPI) and remnant configuration used to infer dominant removal processes. At the regional 
scale, quantitative explanations for terrace preservation using an array of surrogate variables for 
erosion and resistance, revealed relatively weak correlations. However, catchment-specific 
differences in terrace preservation were evident. Combining this information with major terrace 
configurations (paired, unpaired, disconnected) and TPI identified that a combination of erosion and 
resistance factors are responsible for driving terrace preservation. This study provides important 
insights into terrace preservation in a humid tropical environment, filling a significant research gap 
in a region that is likely to undergo significant change in future climate and land use (Wohl et al., 
2012).  
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Chapter 3: The morphologic and hydrologic character of 
floodplains in the Wet Tropics 
________________________________________________________________________________ 
3.1 Introduction 
Floodplains are the product of the river, built through erosion and deposition and provide a valuable 
archive of past and ongoing fluvial processes. Improved understanding of floodplain processes is 
critical for predicting their potential to change in the future. This is a key issue given floodplains are 
intensively used by humans and the increased risk of more intense flooding under future climate 
change projections (IPCC, 2014). Geomorphically, floodplains are difficult research environments 
owing to their large spatial extent and the influence of a large number of dynamic processes. In the 
past, the data and techniques necessary to undertake geomorphic research across entire floodplains 
were not widely available and thus, these settings have received minimal attention (Piégay et al., 
2015). 
Floodplains are typically regarded as landforms of relatively low relief but commonly 
display a range of surface morphologies (Nanson and Croke, 1992; Fryirs and Brierley, 2012; 
Wheaton et al., 2015). The morphologic character of floodplains can be considered in terms of their 
overall surface relief as well as the specific geomorphic units present, the latter defined as 
landforms produced by fluvial deposition and/or erosion processes (Wheaton et al., 2015). Surface 
relief is usually assessed from the distribution of elevation values and local slopes (Scown et al., 
2015a), which can inform on the specific floodplain processes. For example, the elevation profile of 
a floodplain built by a laterally mobile channel will generally show reduced variability compared to 
that associated with laterally stable channels (Nanson and Croke, 1992).  
Specific processes of floodplain construction and destruction, such as levee deposition and 
chute reworking, can be understood through examining the presence and distribution of geomorphic 
units.  Whilst a single inventory of floodplain geomorphic units does not exist, there are several key 
reviews that provide an important reference point for the standard identification, classification and 
process interpretation (Allen, 1965; Nanson and Croke, 1992; Fryirs and Brierley, 2012; Wheaton 
et al., 2015). A summary of known floodplain geomorphic units, characteristic forms, processes, 
and associated floodplain types as collated from existing literature is provided in Table 3.1. At the 
broad-scale, geomorphic units can be classified as either ‘positive’ relief units (e.g. levees) 
produced by depositional processes, or ‘negative’ relief units (e.g. chutes) produced by erosional 
processes (Ashworth and Lewin, 2012; Lewin and Ashworth, 2014). The units most commonly 
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observed are ridge-swales, levees, crevasse splays, chutes, palaeochannels, and backswamps. 
Geomorphic units that are less common include sand sheets (Alexander and Fielding, 2006), 
backchannels (Nanson, 1986), secondary channels (Fryirs and Brierley, 2012) and flood channels 
(Fryirs and Brierley, 2010); the latter are considered indistinct from ‘flood runners’ of Fryirs and 
Brierley (2005).  Table 3.1 highlights that individual geomorphic units are rarely specific to a single 
floodplain type. Rather it is the suite of geomorphic units that are a defining characteristic of the 
type of floodplain. For example, a key morphological difference differentiating floodplains built 
through lateral migration from those built through vertical accretion is the presence of scroll bar-
swale complexes in the former. 
One of the common purposes of floodplain studies is to determine the degree of geomorphic 
complexity (Thoms, 2003; Scown et al., 2015a). In general, a complex geomorphic system is 
considered one in which there are a large number of parts that interact in a non-simple way (Simon, 
1962; Phillips, 2007). The fluvial geomorphic terms ‘complexity’ is mostly used to refer to the 
degree to which the floodplain surface deviates from having no relief thus; complexity increases 
with the number of positive (depositional) and negative (erosional) units (Salo et al., 1986; Nicholas 
and Mitchell, 2003; Alsdorf et al., 2007; Lewin and Ashworth, 2014). However, a more complete 
understanding of complexity is gained by considering: (i) the number and diversity of geomorphic 
units and (ii) their spatial organisation (Scown et al., 2015a). Comparatively limited attention has 
been given to geomorphic spatial organisation (Scown et al., 2015c), which refers to the positioning 
of geomorphic units around major structuring controls such as channel or valley slope and 
floodplain width (Scown et al., 2015a).  
River channel hydraulics are a major defining factor in the potential for fluvial erosion and 
deposition and therefore strongly influence floodplain surface morphology (Nanson and Croke, 
1992). Various metrics are used to examine the role of hydraulics on floodplain morphology, 
including specific stream power (Nanson and Croke, 1992; Magilligan, 1992; Kemp, 2004), shear 
stress (Magilligan, 1992; Kemp, 2004), velocity (Kemp, 2004; Harrison et al., 2015), discharge 
(Scown et al., 2015a), and inundation depth (Harrison et al., 2015). The link between hydraulics and 
floodplain morphology is well acknowledged but specific relationships have also been suggested. 
For example, chutes are thought to form in response to the exceedance of the critical threshold of 
channel specific stream powers at ~300 W m-2 (Magilligan, 1992). However, evidence for the 
occurrence of such high-energy conditions in floodplain environments appears rare, even where 
chute-like forms exist (Kemp, 2004). Thus whether floodplain geomorphic units systematically 
reflect channel or floodplain hydraulic conditions is not well understood. In the absence of this 
information, some insight into the hydraulic attributes associated with different geomorphic units 
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might be drawn from the calibre of deposited sediments and the nature of inundating river flows. 
Critical velocity thresholds for erosion and deposition are the hydraulic attributes most readily 
estimated from geomorphic literature where grain size data is often provided. Corresponding 
estimates of critical velocities for known geomorphic units are included in Table 3.1.  
The goal of this chapter is to outline the surface morphologic and hydrologic characteristics 
of floodplains within four Wet Tropics catchments. The specific objectives are: (i) to assess 
floodplain complexity by mapping and describing floodplain geomorphic units using high-
resolution Light Detection and Ranging (LiDAR) topographic data, and examining geomorphic 
spatial organisation across both at-a-site and reach scales and (ii) to determine flood hydrology and 
hydraulic characteristics using metrics of inundation depth, extent, and specific stream powers for 
channels and floodplains, which may assist in explaining the surface morphology. These data are 
key components used to inform a conceptual model of floodplain construction and destruction 
presented in Chapter 4. 
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Table 3.1. Summary table of known floodplain geomorphic units (D = depositional; E = erosional) and their form characteristics, process interpretations, and 
hydraulic attributes. For hydraulic attributes, dcr = critical inundating flow stage, vcr = critical velocity for erosion (for erosional units), vcrs = critical settling velocity 
(for depositional units). Critical velocities for erosion and deposition are interpreted using grain size detailed in listed references and the Hjulström curve (Hjulström, 
1935). Floodplain types are attributed based on Nanson and Croke (1992) and listed references. 
Geomorphic 
unit 
Form characteristics Process interpretation Hydraulic attributes Floodplain type Reference 
Ridge-swale 
(D and E) 
Ridges are scroll bars that are now 
incorporated into the floodplain. Swales 
are the low-flow channels in between 
ridges. Arcuate features where a radius 
of curvature reflects bend geometry of 
the parent channel. Ridge-swale 
sequences record former positions of 
channels. 
During bankfull flows in bends, helicoidal 
flow transfers sediment up the point bar 
slope on the convex bank and erodes 
sediment on the concave bank. As the 
channel laterally migrates, the scroll bar 
becomes incorporated into the floodplain 
with overbank  
  
dcr = Qbf
vcrs = 0.06–0.09 m s-1 
 
Lateral 
migration  
Sundborg 
(1956), 
Nanson 
(1980) 
 
Levee (D) Raised, elongated ridges parallel to the 
channel. Asymmetrical in cross section 
owing to steeper slopes at the channel 
margin. Elevation of the levee crests is 
above the floodplain and levee width is 
highly variable. Comprised of suspended 
sediments usually fine to medium sand, 
but may vary from coarse sand to clays. 
During overbank events, flow velocities 
rapidly dissipate at the channel-floodplain 
margin resulting in the deposition of fine-
grained bedload and suspended load 
sediments on proximal floodplains. 
Deposition rates are highest nearest the 
channel. 
dcr > Qbf
vcrs = 0.04–0.07 m s-1 
 
Vertical 
accretion, 
lateral 
migration, 
anastomosing 
and laterally 
stable single 
channel 
Allen 
(1965), 
Brierley et 
al. (1997)  
Crevasse 
splay (D) 
Features with lobate or fan-shaped 
planform that cut levees and thin with 
distance from the channel. Crevasse 
splay surfaces may have multiple 
distributary channels producing variable 
topography. Typically extend beyond the 
distal levee edge into backswamps. 
Composed of bedload material, 
predominantly sand, sometimes gravel. 
Crevasse splays develop following the 
initiation of crevasse channels that breach 
and erode the levee. Crevasse channels tap 
sediment carried at relatively low levels in 
the main channel, allowing the conveyance 
of relatively coarse suspended sediments 
(relative to levees) onto the floodplain. 
Deposition reflects the rapid loss of 
competence beyond the channel zone.  
dcr > Qbf
vcrs = 0.07–0.1 m s-1 
 
As per leveed 
floodplain 
types 
Allen 
(1965), 
Brierley et 
al. (1997), 
Tooth 
(2005)  
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Geomorphic 
unit 
Form characteristics Process interpretation Hydraulic attributes Floodplain type Reference 
Sand sheets 
(D) 
Laterally extensive sandy deposits in 
non-levee settings that are tabular in 
cross section and vary little in thickness 
(cf. splays). Surface expression generally 
conforms to the underlying floodplain. 
Sediments are sandy (fine to medium 
grained) and massive/poorly sorted. 
 
During large, sediment-charged flood 
events, deposition of relatively coarse 
suspended sediments occurs on floodplains. 
Sufficiently competent overbank flows are 
required for sheet-like deposition across the 
entire surface. Common in sandy ephemeral 
streams. Often formed downstream of 
transitions from confined to unconfined 
flows or abrupt changes in slope. 
dcr >> Qbf
vcrs = 0.04–0.07 m s-1 
 
Vertical 
accretion 
(unconfined) 
Alexander 
and Fielding 
(2006), 
Fryirs and 
Brierley 
(2012) 
Palaeo-
channels (D) 
Former channels. Highly variable 
floodplain position and morphology. 
May be partially or entirely filled. Low-
sinuosity palaeochannels may be 
overprinted with flood channels. 
Sediment infill is typically upward-
fining from a coarse channel lag to fine 
suspended load sediments. 
 
Caused by episodic shift in channel position 
usually to a lower elevation (e.g. via 
avulsion). Infilling of palaeochannels is 
most rapid at the upstream end.  
During the process of avulsion, flows are 
increasingly diverted towards a new 
channel. Progressive velocity reductions in 
the palaeochannel cause fining up 
sedimentary sequence. 
dcr > Qbf
vcrs = <0.04 m s-1(fine-
grained suspended 
sediment) 
All floodplain 
types 
 
Allen 
(1965), 
Page and 
Nanson 
(1996), 
Nichols and 
Fisher 
(2007) 
Backswamp/
Floodbasin 
(D) 
Distal areas of the floodplain at valley 
margins. Surface morphology is 
characterised by low relief but may be 
traversed by abandoned channels. 
Sediments are fine-grained, suspended-
load sediments.  
The overbank flow energy gradient 
spanning proximal to distal floodplains 
(enhanced where levees are present) results 
in slow vertical accretion rates of fine-
grained sediments in backswamps. Poor 
drainage favours aquatic/swamp vegetation 
and leads to organic material accumulation. 
dcr > Qbf
vcrs < 0.01 m s-1 
Lateral 
migration, 
laterally stable, 
single-channel, 
braided, 
anastomosing 
(organic) 
Allen 
(1965), 
Brierley et 
al. (1997) 
Chutes (E) Low sinuosity channels commonly 
across the convex bend but also in 
straight reaches. Chutes remain 
connected to the main channel via chute 
take offs at the upstream end. Frequently 
scoured by flood flows resulting in 
exposed basal gravels. 
During floods, flows short-circuiting the 
primary channel create preferential flow 
paths of reduced sinuosity and higher slope 
resulting in high stream power in chutes. 
Enlargement may result in the chute 
becoming the primary channel. 
Along straighter reaches, chute formation is 
influenced by island formation and bank 
erosion. 
dcr < Qbf
vcr = >1.0 m s-1  
vcrs = 0.1 m s-1 
 
Lateral 
migration, 
vertical 
accretion 
Allen 
(1965), 
Warner 
(1997), 
Kemp 
(2004), 
Grenfell et 
al. (2012), 
Harrison et 
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Geomorphic 
unit 
Form characteristics Process interpretation Hydraulic attributes Floodplain type Reference 
al. (2015) 
Backchannel 
(E) 
Small channels (relative to main 
channel) in leveed floodplains with steep 
downstream gradients. May be 
connected (e.g. via a flood channel) or 
disconnected from the main channel. 
Backchannels typically enter the main 
channel at the downstream end of the 
floodplain. Bed slopes commonly higher 
than main channel slopes.  
Formed from the convergence of overbank 
flows toward distal floodplain margins in 
leveed settings. Steep backchannel gradients 
reflect steep downstream floodplain surface 
gradients.  
dcr > Qbf
vcr = <2.0 m s-1  
 
Vertical 
accretion 
Nanson 
(1986)  
Flood 
channels (E) 
Low-sinuosity channels typically larger 
than backchannels. Position on the 
floodplains is variable and depth 
increases downstream (cf. chutes). 
Flow alignment across the floodplain 
provides a short circuit capable of scour 
during large floods. Flood channels may 
also indicate past or future avulsive 
channels.  
dcr ~ Qbf
vcrs = <0.05 m s-1 
 
Vertical 
accretion, 
lateral 
migration 
Fryirs and 
Brierley 
(2010) 
Secondary 
channels (E) 
Subsidiary channels comprising
individual channels or more complex 
networks. These features are more 
generic than anabranch channels. 
Dominated by flood flows conveying 
finer-grained suspended sediment 
Formed during large floods when overbank 
flows reactivate former channels but 
minimal scouring occurs. Alternatively, 
they may also indicate distributary networks 
developed on older terminal splays or 
floodouts. 
dcr >> Qbf
vcrs = <0.01 m s-1 
 
Fryirs and 
Brierley 
(2012), 
Tooth 
(2005) 
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3.2 Study area 
3.2.1 Selected study reaches 
This study focuses on floodplains in selected reaches within partly confined valleys of the North 
Johnstone River, South Johnstone River, Liverpool Creek, and Tully River (Figure 3.1). These 
reaches are herein termed study reaches and represent the lower portion (6–8 km) of those 
examined in Chapter 2. The key distinguishing characteristics (slope, sinuosity, rainfall, floodplain 
width) of each study reach are presented in Table 3.2. The broader catchment and partly confined 
valley characteristics are described in Table 1.1 and 1.2 (Chapter 1, Section 1.6.4).  
 
Figure 3.1. Maps showing study reaches and location within partly confined valleys (inset maps). The major 
fluvial landforms of T1 and T2 terraces and floodplains are shown. 
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Table 3.2. Characteristics of study reaches. 
Study reach Main channel 
length 
(km) 
Mean 
channel 
slope 
(m m-1) 
Mean 
channel 
width 
(km) 
Sinuosity Mean annual 
rainfall (mm) 
Floodplain 
width 
(km) 
North Johnstone  8.4 0.0011 70 1.22 2800–4800 0.47 
South Johnstone  9.6 0.0003 50 1.40 2800–7600 0.28 
Liverpool  7.2 0.0017 25 1.38 2800–7600 0.88 
Tully  6.9 0.0004 50 1.13 2000–7600 0.42
3.2.2 Regional hydrology 
The majority of annual rainfall occurs between December and March owing to the southward 
migration of the Austral monsoon. During this summer period the largest sources of rainfall are 
tropical depressions and cyclones (Bonell, 1988), which typically produce rainfall of high intensity 
and long duration with daily rates of 8 to 27 mm h-1 (Bonell and Gilmour, 1980). The intensity and 
duration characteristics of rainfall lead to rapid runoff and high soil erosion potential (Bonell and 
Gilmour, 1980). Flooding is common with overbank floods occurring multiple times each rainy 
season (Wallace et al., 2012). Tropical cyclones commonly cause the largest floods (Leonard and 
Nott, 2015b). Since monitoring began in 1918, a total of 70 cyclones have impacted the Wet 
Tropics (BOM, 2016).  
Streamflow gauging stations are located within 1 km upstream of all study reaches and 
continuous records span between 40–48 years (Table 3.3). An exception is in the Tully reach where 
the gauge is 16 km upstream and the record spans only 5 years. These gauge records indicate the 
largest floods have recurrence intervals ranging from 50 to 80 years (Table 3.3). Gauge station 
hydrographs indicate floods are characterised by a rapidly rising discharge and flow depth with 
mean hourly increases in discharge of 225 m3 s-1 and depths of 0.4 m hr-1 until the flood peak 
(Figure 3.2). The timings of the peaks in discharge and depth are similar. 
Table 3.3. Streamflow characteristics and gauge details for study catchments. Note the short gauge record 
length of the Tully gauge.  
Study reach 
 
Gauge 
station ID 
Gauge record 
period 
Maximum gauged flood 
Year Discharge
(m3 s-1) 
Recurrence 
interval 
Maximum stage 
height (m) 
North Johnstone  112004A 1966–2014 1999 4920 80 10.6
South Johnstone  112101B 1974–2014 1986 1850 67 10.8
Liverpool  112102A 1970–2014 2011 600 72 7.8
Tully  113015A 2009–2014 2011 1981 50 6.4
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Figure 3.2. Flood hydrograph showing the North Johnstone River stage height and discharge for the largest 
gauged flood in 1999 induced by tropical cyclone Rona. The gauge is located 0.5 km upstream of the study 
reach. Source: https://water-monitoring.information.qld.gov.au/. 
3.3 Methods 
3.3.1 Mapping and classifying floodplain geomorphological units 
Floodplain geomorphic mapping followed the topographic-based framework of Wheaton et al. 
(2015), which comprised 3 key steps: (i) identification of the valley margins, which separates the 
hillslopes (and fans) from the floodplain, (ii) delineation of the floodplain and the active channel 
and (iii) classification of geomorphic units within the floodplain. The valley margins were 
delineated during the mapping of T1 and T2 terraces using a 1-m LiDAR digital elevation model 
(DEM) and derivate slope and hillshade grids (see Chapter 2, Section 2.3.1). Subsequently, the 
floodplain was delineated as the lowest alluvial landform adjacent to the channel (Nanson and 
Croke, 1992).  
Floodplain geomorphic units were identified from the LiDAR DEM in ArcMap, which was 
detrended to remove the down valley slope and highlight the elevation of units relative to the 
channel. The detrended DEM provided the base map from which floodplain geomorphic units were 
classified based on extracted metrics of: (i) relative elevation above the channel, (ii) surface 
morphology and (iii) position and orientation relative to the channel (Wheaton et al., 2015). A range 
of DEM height classifications were important for the visual identification of geomorphic units that 
vary in horizontal and vertical scale (Jones et al. 2007). A minimum mapping scale of 1:2000 was 
 
60 
used across all reaches. Several approaches were used to verify the mapping results including field 
investigations, examination of Google Earth multitemporal imagery, and conversations with 
landholders to confirm various man-made features (e.g. levelled surfaces, drains, sand/gravel 
extraction pits). 
3.3.2 Explanations for the spatial organisation of geomorphological units 
Potential explanations for the spatial organisation of geomorphic units were examined using the 
channel and valley metrics of channel slope (s), floodplain width (W) and the terrace preservation 
index (TPI). These examinations were undertaken at two spatial scales: at-a-site (i.e. in the 
immediate vicinity of the geomorphic unit) and whole study reach. 
Channel slope, s 
Estimates of channel slope (m m-1) were derived from water surface slopes as measured from 
LiDAR over 500 m channel lengths. The selection of 500 m was based on a comparison of channel 
slopes calculated over channel lengths of 300, 500, and 1000 m as per the approach of Jain et al. 
(2006) and Fryirs and Brierley (2010). Channel slope was used to examine geomorphic spatial 
organisation at-a-site. 
Floodplain width index, W 
An index of floodplain width (dimensionless) was calculated as a ratio of floodplain width (m) to 
channel width (m) based on the mean of 10 measurements taken over a 500 m channel length.  This 
index is generally used to describe channel confinement but is used here to provide a standardised 
measure of floodplain width across study reaches. Floodplain width was used to examine 
geomorphic spatial organisation at-a-site. 
Terrace preservation index, TPI 
The terrace preservation index, defined as the ratio of the total preserved terrace area to the total 
alluvial valley floor area, was calculated for 1 km reach segments (Chapter 2, Section 2.3.2). A TPI 
value of 1.0 indicates terraces occupy the entire valley area and a value of 0.1 indicates remaining 
terraces occupy 10% of the valley area. The terrace preservation index was used to examine 
geomorphic spatial organisation at the whole of study reach scale. 
3.3.3 Floodplain inundation and hydraulics 
Flood magnitude and frequency characteristics were evaluated using variables of inundation depth, 
inundation extent and flood power. These variables were calculated for a range of design floods 
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using the one-dimensional step-backwater model HEC-RAS (US Army Corps of Engineers, 2014), 
which is commonly used in hydraulic modelling and flood inundation studies (Yang et al., 2006; 
Hoyle et al., 2012; Howard et al., 2012; Croke et al., 2013). 
Selection and derivation of design flood discharges 
Floods with average recurrence intervals equivalent to: (i) the mean annual flood (Qma), (ii) 10 years 
(Q10) and (iii) 100 years (Q100) were derived from streamflow gauge station data sourced from 
Queensland Department of Natural Resources and Mines (QDNRM) online databases 
(https://water-monitoring.information.qld.gov.au/). These records were standardised to span the 40-
year period common to all gauges: 1974–2014. 
Three methods were used to derive the design flood discharges. Firstly, the Qma flood was 
defined as the maximum instantaneous flow (m3 s-1) for a given year and derived from the annual 
maximum flow series (herein termed the annual maximum flood series, AMS). Secondly, the Q10 
and Q100 floods were derived from the AMS using the Flike flood frequency analysis tool 
(http://www.tuflow.com; Kuczera and Franks [2015]). Thirdly, the Q10 and Q100 flood discharges 
for the North and South Johnstone Rivers were compared to the corresponding values in the 
published flood study (Jempson, 2003) to provide for verification and some calibration of the HEC-
RAS model. Accordingly, the published Q100 discharge of Jempson (2003) was adopted for the 
South Johnstone. Owing to short length of the Tully River gauge record (Table 3.3), design flood 
discharges for Q2 and Q10 in this study reach were derived based on the rational method (IEA, 
1987). Here the Q2 was used as a surrogate for Qma, based on the equivalence between Qma and Q2 
in other study reaches. Estimates of runoff coefficients and time to concentration (using the stream 
velocity method) were derived from the Queensland Urban Drainage Manual (DEWS, 2013) and 
used in conjunction with the Intensity-Frequency-Duration table for the locality of Cardstone 
(http://www.bom.gov.au/water/designRainfalls/ifd/). The Q100 discharge for the Tully reach was 
based on published values (Rogencamp et al., 2008). The design flood discharges are outlined in 
Table 3.4. 
HEC-RAS model set up 
Cross sections were extracted from the LiDAR DEM in ArcMap using the HEC-GeoRAS 10.1 tool 
and were spaced at approximately 10 times the average channel width (km) (Table 3.4). This 
distance interval was found to capture major changes in channel geometry that influence flow 
hydraulics (Brunner, 2010). The spatial extent of LiDAR did not cover the entire floodplain in the 
Tully reach and therefore the modelled reach length was limited to the lower ~2 km. Post-
processing of each cross section was required to ensure the channel cross-sectional area reflected 
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the channel bed elevation and not the water surface elevation, which is a necessary correction when 
LiDAR data is used for these purposes (Aggett and Wilson, 2009). Estimates of channel bed 
elevation were based on the low flow cross-sectional area as indicated by gauge station data. Cross-
sectional adjustments were made in a way as to preserve the water surface gradient.  
Boundary conditions were set to critical depth for upstream and normal depth for 
downstream based on the water surface slope interpreted from the LiDAR DEM. Boundary 
conditions are approximations, for example, bed slope is used to approximate the downstream 
energy gradient. Therefore additional cross sections were added at the start and end of each 
modelled reach. Hydraulic results from these additional cross sections were discarded in case of 
bias imposed by the startup boundary conditions. No tributaries or bridges were included in the 
modelling scenarios. Roughness estimates, as measured by Mannings n values for the channel and 
overbank areas, were based on published values in existing flood study reports (Rogencamp et al., 
2008) (Table 3.4). The model was run in mixed-flow regime mode to enable modelling of super and 
sub-critical flow zones. 
Table 3.4. Details of HEC-RAS model set up and design flood discharges. 
 North 
Johnstone 
River 
South 
Johnstone 
River 
Liverpool 
Creek 
Tully River
Reach and cross sections 
Modelled reach length (km) 8.4 9.6 6.7 2.14 
Total number of cross sections  16 28 21 10 
Average cross section spacing (km)  0.5 0.4 0.3 0.3 
Channel bed adjustment (m) ~2.0 ~0.8 ~0.4 ~2.5 
Mannings n channel / overbank 
 
0.05 / 0.15 0.05 / 0.15 0.05 / 0.15 0.05 / 0.09
Design flood discharges (m3 s-1) 
Qma  
Q10  
Q100  
1962 
3672 
5810 
816 
1524 
3300** 
235 
413 
688 
 
660* 
1550 
7000^ 
* Q2 was used as a surrogate for Qma. 
** adopted value from Jempson (2003). 
^ adopted value from Rogencamp et al. (2008). 
Model calibration 
Calibration of the HEC-RAS model was undertaken by comparing the Q100 water surface elevations 
with those detailed in existing flood studies for the Johnstone and Tully Rivers (Jempson, 2003; 
Rogencamp et al., 2008) using the online flood mapping tool (available at 
http://www.cassowarycoast.qld.gov.au/flooding). To achieve as close as possible match between 
the flood surfaces modelled here and those in published studies, Mannings n was iteratively 
adjusted until the best fit was determined. Calibration information for Qma floods was limited thus 
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anecdotal evidence was used to verify the inundation extent of these frequently occurring flood 
events. Flood modelling in published studies used the calibrated, two-dimensional and one-
dimensional unsteady flow hydraulic modelling software TUFLOW. These reports formed useful 
comparisons for validation of the one-dimensional modelling performed here, with the exception of 
the South Johnstone River, which was not calibrated within the study reach and Liverpool Creek 
where no flood study covers the study reach (Jempson, 2003). 
Flood power estimation 
Flood power, expressed using specific stream power, Ȧ, provides a measure of the rate of energy 
expenditure per unit area (W m-2) and is defined as 
Ȧ = JQs / w 
where J is unit weight of water (9800 N m-3), Q is discharge (m3 s-1), s is the energy slope 
(m m-1), and w is the width of the wetted area (m). From results for each of the modelled flows, the 
variables extracted were energy slope, discharge (partitioned to the channel, left overbank and right 
floodplain areas), and water surface width (channel, left overbank and right overbank areas). These 
were used to calculate specific stream power for the channel (Ȧ1), left floodplain (Ȧ2) and right 
floodplain (Ȧ3).  
It is worth noting here that the estimation of Ȧ, and its within-reach variability, as 
determined using HEC-RAS, differs from the method used in Chapter 2 (Section 2.3.3) where Ȧ 
was calculated at the whole-of-reach scale (15–20 km) using single estimates of study reach slope 
and width. In Chapter 2, the method carried the assumption that the Q1.5 discharge was contained 
within the channel in these reaches as indicated by gauge station cross sections. However, the HEC-
RAS modelling undertaken in this study revealed much greater within-reach variability in channel 
geometry and ultimately, that channels have small capacities relative to annual floods. Therefore, 
the channel conveys a relatively small proportion of the flood flow. This leads to a reduction in Ȧ 
when compared to results from the simpler method applied in Chapter 2. Additionally, slope 
estimates detailed in Chapter 2 represent the average channel bed slope over much longer channel 
lengths (15–20 km) than considered in this chapter. 
3.4 Results 
3.4.1 Floodplain extent  
In the majority of study reaches, floodplains are discontinuous features bound by alluvial terraces 
and vary in width from 0.05 to 1 km. Floodplains in the Liverpool Creek catchment are an 
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exception and are relatively continuous landforms on both sides of the channel. Here, more 
extensive lateral erosion of terraces has occurred (Chapter 2, Section 2.4.1). In the South Johnstone 
and Tully catchment, floodplains are flanked by paired T2 terraces whilst in the North Johnstone, 
floodplains directly abut one side of the valley (Figures 3.5–3.8). Floodplain width shows 
considerable downstream variability as a function of the preservation of terraces. 
3.4.2 Floodplain morphology 
Surface relief 
Floodplains show a high degree of surface relief with considerable variations in elevation (relative 
to the channel) of 3–6 m common over relatively short distances (e.g. 500 m) (Figure 3.3). The 
most elevated parts of the floodplain are usually adjacent to the channel at the upstream end, 
resulting in steep gradients away from the channel and in the downstream direction (Figure 3.3).  
Floodplain slopes generally exceed measured channel slopes, which are often one to three orders of 
magnitude lower (Figure 3.3). An exception is in the Liverpool catchment where gradients on the 
floodplain are more similar to channel gradients (Figure 3.4). 
 
Figure 3.3. LiDAR image showing the surface relief characteristics of a typical floodplain. Floodplains have 
high relief and steep downstream (a-a’) and perpendicular (b-b’) slopes relative to channel slopes. Linear 
features on the terrace surface are agricultural drains. 
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Figure 3.4. LiDAR image showing the surface relief characteristics of a Liverpool floodplain where 
downstream (a-a’) and perpendicular (b-b’) slopes are similar to channel slopes. 
Diversity of geomorphic units 
Ten geomorphic units are identified across floodplains of the four catchments: overbank splays, 
depressions, scours, chutes, flood channels, backchannels, backswamps, palaeochannels, levees and 
secondary channels (Table 3.5). The distribution of geomorphic units within the four study reaches 
is shown in Figures 3.5–3.8. Of these units, overbank splays, depressions and scours are sufficiently 
different from existing classification descriptions (see Table 3.1) and are therefore considered 
separate geomorphic units in this study. 
Marked similarities exist in the suite of geomorphic units observed in the North Johnstone, 
South Johnstone and Tully floodplains, which consist of chutes, scours, depressions, and overbank 
splays (Figure 3.9). In the Liverpool reach, the suite of geomorphic units differs and comprises 
chutes, palaeochannels and an extensive network of secondary channels (Figure 3.9). The planform 
of palaeochannels in the Liverpool reach is not markedly different from the current channel. 
Palaeochannels and secondary channels occur separately in the upper and lower reaches 
respectively, while chutes occur throughout. Palaeochannels are typically considered depositional 
forms (see Table 3.1) and are grouped as such here. However, the steep downstream gradient of 
these features, which often exceed channel slopes, suggests these features are also localised sites of 
erosion (Table 3.5). 
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Comparisons of geomorphic units between study reaches show erosional forms are more 
diverse and numerous than depositional forms, although they often occupy a smaller area of the 
floodplain (Figure 3.9). Figure 3.10 provides a summary of geomorphic units in each study reach 
according to erosional or depositional forms and spatial extent and highlights the dominance of 
floodplain erosional forms (60–85% of all features). 
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Table 3.5. Characteristics of mapped depositional and erosional geomorphic units. Relative elevation (m) is compared to channel. The range of inundating flows was 
determined through hydraulic modelling (see Section 3.4.4); Qma – mean annual flood, Q10 – 10 year flood, Q100 – 100 year flood. Representative images show the 
LiDAR relative elevation DEM with geomorphic unit denoted by the stippled area.  
Geomorphic 
unit 
Description Channel 
slope 
(m m-1) 
Relative 
elevation 
(m) 
Inundating 
flow 
Representative image 
Depositional 
units 
Overbank splay Multiple-lobed splay features that represent the highest elevations on
floodplains. Maximum elevations are adjacent to the channel. Most 
common on floodplains downstream of channel bend apexes. Commonly 
occur adjacent to depressions. Evidence for post-depositional 
modification (erosion) of overbank splays is evident by sharp breaks of 
slope at lobe margins.  
0.0002 
–0.001 
4–10 Qma–Q100
 
Levees Raised ridges parallel to the channel on floodplain proximal margins. 
Lobes extending from levee distal edge are small (<100 m) relative to 
overbank splay lobes. Levees merge into backswamps at distal floodplain 
margins. 
0.0005–
0.0008 
5–9 Qma–Q10
 
Palaeochannels Discontinuous channel depressions that are separated from the main 
channel through infilling at either the upstream or downstream end (cf. 
flood channels). Sinuosity is similar to the main channel. Frequently 
inundated and steep downstream gradients (0.001–0.006 m m-1) suggest 
erosion of these features is likely.  
0.0015 
–0.0025 
0–3 Qma
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Geomorphic 
unit 
Description Channel 
slope 
(m m-1) 
Relative 
elevation 
(m) 
Inundating 
flow 
Representative image 
Backswamps Distal floodplain areas that occur along leveed channels. Low internal 
relief. Drained by backchannels and artificial drains.  
0.0001–
0.0008 
2–5 Qma
 
 
Erosional units
Chutes Low sinuosity channels (sinuosity = <1.2) on the inside of meander 
bends and straight reaches. Variable in length (200–800 m). Common 
across all floodplains.  
0.0008–
0.005 
0–2
 
Qma
 
Flood channels Low-sinuosity channels that connect main channels to distal floodplain 
margins. Typically traverse entire floodplains (length = >1000 m) (cf. 
chutes). 
0.0001–
0.001 
4–7 Qma–Q10
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Geomorphic 
unit 
Description Channel 
slope 
(m m-1) 
Relative 
elevation 
(m) 
Inundating 
flow 
Representative image 
Depressions Broad depressions (no defined bed or banks) with surfaces ~3m lower 
than surrounding floodplain surfaces. Typically associated with overbank 
splays. Variable positions within floodplains. Two main forms are 
observed: 
Type 1 – interconnected, depressions draining floodplains along 
relatively straight (sinuosity <1.5) and steep channels. Connected to the 
channel via backchannels. 
 
 
Type 2 – depressions draining floodplains on tight meander bends 
(sinuosity = 1.5–2.1) on low gradient reaches. Distribution limited to 
South Johnstone reach. 
 
0.0002–
0.002 
 
 
 
 
 
 
 
 
 
 
1–4 Qma–Q10
 
 
Scour Linear features occurring along the channel-floodplain margin. May
appear as ‘benches’ cut into the floodplain. Widths <50 m. Often occur 
downstream of chutes.  
0.0001–
0.001 
2 Qma
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Geomorphic 
unit 
Description Channel 
slope 
(m m-1) 
Relative 
elevation 
(m) 
Inundating 
flow 
Representative image 
Backchannels Small (width = <20 m), steep channels (relative to main channel) that 
traverse distal floodplain margins. No topographic evidence of channel 
take offs. Drain to the main channel at downstream end of floodplains. 
Most commonly associated with overbank splays. May be modified by 
artificial drains. 
Variable 0–8 Qma–Q10
 
Secondary 
channels  
Interconnected channel networks on floodplain surfaces. Various entry 
points to the main channel. Limited to the Liverpool reach. 
 
~0.002 0–3 Qma
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Figure 3.5. Map of the North Johnstone study reach showing floodplain topography (detrended LiDAR DEM) and the distribution of floodplain geomorphic units.  
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Figure 3.6. Map of the South Johnstone study reach showing floodplain topography (detrended LiDAR DEM) and the distribution of floodplain geomorphic units. 
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Figure 3.7. Map of the Liverpool study reach showing floodplain topography (detrended LiDAR DEM) and the distribution of floodplain geomorphic units.
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Figure 3.8. Map of the Tully study reach showing floodplain topography (detrended LiDAR DEM) and the 
distribution of floodplain geomorphic units. 
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Figure 3.9. A. Counts of geomorphic units across the four study reaches. B. Total area of geomorphic units 
as a percentage of the study reach total floodplain area.  
 
Figure 3.10. A. Proportion of mapped geomorphic units classified as erosional or depositional within study 
reaches. B. Proportion of study reach floodplain area occupied by erosional and depositional forms. 
3.4.3 Geomorphic spatial organisation at a site and reach scales  
The spatial arrangement of individual geomorphic units at-a-site does not appear to be related to 
changes in either channel slope (Figure 3.11A) or floodplain width (Figure 3.11B). At the scale of 
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the entire study reach, geomorphic spatial organisation shows some correlation with terrace 
preservation (TPI) with the highest number of geomorphic units occurring in locations where 
terrace preservation is highest (Figure 3.12) suggesting that the narrower the floodplain, the higher 
the surface complexity. 
 
Figure 3.11. Bivariate scatter plots showing A. Erosional geomorphic units and B. depositional geomorphic 
units plotted by channel slope (s) and floodplain width (W). 
 
Figure 3.12. Bivariate scatter plot of geomorphic diversity and terrace preservation (TPI). Note higher 
geomorphic diversity with increasing TPI.  
3.4.4 Floodplain hydrology  
Figure 3.13 shows the inundation depths for Qma, Q10, and Q100 design floods at representative cross 
sections. Reach-scale inundation maps derived from HEC-RAS modelling are shown in Figures 
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3.14–3.17 with flood depth ranges and extent summarised in Table 3.6. Overall the HEC-RAS 
modelling aligns reasonably well with published flood studies (HEC-RAS mean Q100 depth = -0.02 
± 0.45 m) and anecdotal evidence of annual flooding. Floodplains are regularly inundated (i.e. 
>50% of the surface area) with depths of up to 3–5 m occurring during Qma floods. However, 
inundation depths across all floodplains are highly variable, which reflects the high degree of 
surface relief. For example, chutes and depression are commonly inundated by 3–5 m of 
floodwaters annually, while complete inundation of overbank splays requires a Q100 flood. In the 
majority of reaches, flood depths up to 10 m are common during the largest events, while in 
Liverpool reach the Q100 fails to completely inundate the floodplain (Table 3.6). 
 
Figure 3.13. Cross sections showing floodplain inundation depths associated with modelled floods. Cross 
section locations are shown in Figures 3.14–3.17. 
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Figure 3.14. Maps showing modelled floodplain inundation extent and depth for design floods in the North 
Johnstone reach. The location of the representative cross section shown in Figure 3.13 is denoted. 
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Figure 3.15. Maps showing modelled floodplain inundation extent and depth for design floods in the South 
Johnstone reach. The location of the representative cross section shown in Figure 3.13 is denoted. 
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Figure 3.16. Maps showing modelled floodplain inundation extent and depth for design floods in the 
Liverpool reach. The location of the representative cross section shown in Figure 3.13 is denoted. 
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Figure 3.17. Maps showing modelled floodplain inundation extent and depth for design floods in the Tully 
reach. The location of the representative cross section shown in Figure 3.13 is denoted. 
Table 3.6. Floodplain inundation characteristics for modelled floods. 
Study reach 
 
Inundation depth range (m) Inundation extent (%) 
Qma Q10 Q100 Qma Q10 Q100 
North Johnstone  0–5 0–8 1–10 81 86 100 
South Johnstone  0–6 0–9 2–11 88 92 100 
Liverpool 0–3 0–4 0–4 58 83 95 
Tully  0–4 0–6 1–10 72 85 100 
3.4.5 Flood power and geomorphic unit diversity 
Flood power, expressed using specific stream power and calculated for the channel (Ȧ1), left 
floodplain (Ȧ2) and right floodplain (Ȧ3) for design flood discharges are detailed in Table 3.7 and 
Figure 3.18. The uncertainty in inundation depth found during model calibration has relatively little 
effect on specific stream powers estimates. For example, an increase in Q100 inundation depth of 2 
m corresponds to a small increase in flood power from 910 to 943 W m-2. Study reach specific 
stream powers for the selected design floods consistently show higher values in the channel with 
median Ȧ1 = 13–241 W m-2 for Qma to Q100, compared to those over the floodplain where median Ȧ2 
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and Ȧ3 values range from 1–13 W m-2 for Qma to Q100. These are consistently highest in the North 
Johnstone reach and lowest in the South Johnstone. 
Flood powers associated with the different geomorphic units are highly variable (Figure 
3.19) and no systematic relationship is apparent between flood power and the location of 
geomorphic units. Of note is the existence of erosional geomorphic units such as chutes and scours 
in relatively low flood power settings. 
Table 3.7. Study reach median specific stream power (W m-2) and range (min–max) for channel (Ȧ1), left 
floodplain (Ȧ2), and right floodplain (Ȧ3) as determined for modelled floods (see Table 3.4 for design flood 
discharges). Note Q2 is used as a surrogate for Qma in the Tully. Asterisks denote where values are likely 
overestimated due to limited LiDAR cross section data. 
Reach Design flood Channel, Ȧ1 Left floodplain, Ȧ2 Right floodplain, Ȧ3
North Johnstone Qma 109 (27–700) 2 (1–31) 1 (0–4)
 Q10 241 (78–1280) 10 (3–47) 6 (2–12)
 Q100 130 (55–1028) 13 (3–118) 11 (7–18)
South Johnstone Qma 13 (1–58) 1 (0–6) 2 (1–6)
 Q10 16 (1–79) 2 (0–12) 2 (0–8)
 Q100 36 (8–379)* 1 (0–5)* 1 (0–16)* 
Liverpool Qma 104 (21–231) 1 (0–14) 2 (0–14)
 Q10 122 (28–304) 2 (1–22) 5 (2–27)
 Q100 182 (44–530) 6 (3–29) 8 (1–36)
Tully Q2 21 (6–48) 2 (1–9) 2 (1–3)
 Q10 36 (22–104) 4 (2–19) 6 (4–9)
 Q100 80 (47–105) 7 (4–19) 19 (6–29)
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Figure 3.18. Boxplots (min, Q1, median, Q3, max) of study reach specific stream power, Z (W m-2) for 
channel (red), left floodplain (grey), and right floodplain (blue) for design floods. Dashed horizontal lines 
denote the critical threshold for major geomorphic adjustment at 300 W m-2 (Magilligan, 1992). Note the log 
scale of the y-axis and small increases in floodplains Z with increasing flood discharge compared to the 
channel Z. 
 
84 
 
Figure 3.19. Plot of floodplain specific stream power (W m-2) for floodplain geomorphic units. Median Ȧ as 
calculated from left (Ȧ1) and right floodplains (Ȧ2); whiskers denote minimum and maximum values. Dashed 
horizontal line denotes the critical threshold for major geomorphic adjustment at 300 W m-2 (Magilligan, 
1992). Note Qma floods do not inundate secondary channels and no Ȧ estimates were derived for 
backswamps, as these units do not occur within the modelled reach model in the Tully catchment. 
3.5 Discussion  
3.5.1 High surface complexity in Wet Tropics floodplains 
The main goal of this chapter was to identify the key morphological and hydrological 
characteristics of floodplains in four selected catchments of the Wet Tropics. The notion of a 
floodplain as a flat planar surface adjacent to the channel is largely inapplicable in these settings 
where high surface relief of the order of 3–6 m is the dominant characteristic. This relief is a 
function of the diversity and spatial arrangement of key geomorphic units such as overbank splays, 
depressions, chutes and scours, which combine to form complex surfaces. The dominance of 
erosional units suggests erosion processes are a key factor in the overall surface form of these 
floodplains. Floodplain erosion has been noted as important in floodplains of other small coastal 
catchments in eastern Australia. For example, the modification of floodplain surfaces by 
backchannels and chutes is observed within partly confined valleys in catchments of the Clyde, 
Manning, Clarence and Bellinger Rivers (Nanson, 1986; Warner, 1997). Other studies in similar 
settings comment on the general topographic variability and dissection of floodplain surfaces but no 
details of the specific geomorphic units or their distribution (Cohen and Nanson, 2008; Leonard and 
Nott, 2015b).  In most floodplain studies, the existence of erosional units in any given reach is often 
dominated by a single form, with chutes being apparently one of the most common. In a recent 
review of large river floodplains, Lewin and Ashworth (2014) suggest that in tropical settings there 
might be increased diversity of erosional forms. However, their review focuses on laterally mobile 
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braided and meandering systems. The current study reveals high levels of geomorphic diversity and 
particularly, erosional forms are characteristic of tropical floodplains in laterally stable reaches.  
The most complex floodplain surfaces in these settings are associated with increased terrace 
preservation, that is, narrower floodplains. This is interpreted to indicate that the inherited 
floodplain ‘slot’ is an important control on the fluvial processes driving floodplain morphological 
complexity. These findings support the well-recognised importance of floodplain width on 
morphology (Magilligan, 1992; Fryirs and Brierley, 2010; Kuo and Brierley, 2013; Scown et al., 
2015a). However, an increase in floodplain complexity with reduced floodplain width as found 
here, is not widely acknowledged in existing literature. 
The high complexity of floodplain surfaces observed in this study suggests stochastic 
processes are also likely to be a contributing factor. Stochastic processes result from the interactions 
of numerous processes, which differ in their rates and periodicity (Scheidegger and Langbeing, 
1966). Such processes whilst relatively difficult to identify retrospectively are widely 
acknowledged in geomorphic systems where complex or irregular patterns or behaviours occur 
(Phillips, 1992). There are numerous aspects of floodplain morphology that support the importance 
of interacting processes and stochasticity. For example, palaeochannels that are indicative of 
channel avulsions (Fryirs and Brierley, 2012) and are numerous on the relatively wide and steep 
Liverpool Creek floodplains provide one example of a possible stochastic process. Channel 
avulsions may occur in response to local increases in slope or channel logjams (Jones and Schumm, 
1999; Phillips, 2012); these processes are highly specific to individual locations. Overbank splays 
may also be both the product of stochasticity. One of the main factors governing overbank splays is 
floodplain height (Alexander and Fielding, 2006), which is strongly influenced by processes related 
to past flood flows and floodplain deposition (Nanson, 1986). Finally, the high geomorphic 
diversity increases the potential for feedbacks to occur between geomorphic units (Phillips, 2003), 
which in turn, enhance stochasticity. 
3.5.2 The influence of tropical hydrology in floodplain form 
No systematic relationship between geomorphic units and channel or overbank specific stream 
powers is observed in this study. Further, the widely accepted link between the specific stream 
power threshold of ~300 W m-2 and geomorphic units indicative of catastrophic change appears not 
to apply in these settings. While it must be noted that uncertainties in specific stream power 
estimates calculated here exist because of the highly sensitive slope parameter (Knighton, 1999) 
and cross section spacing in the model, the absence of a direct relationship between flood power 
and geomorphic units might also be expected. The focus of previous studies has mostly been on 
 
86 
channel specific stream powers as a predictor of floodplain form (Nanson and Croke, 1992), yet 
channel hydraulics are less relevant for many of the geomorphic units that are disconnected from 
the main channel (Lewin and Ashworth, 2014). Additionally, overbank flood powers in these 
topographically diverse floodplains are almost certainly more complex than can be represented in 
HEC-RAS (Nicholas and Walling, 1997). For instance, during partial inundation of the floodplains 
(e.g. during rising floods), floodwaters are concentrated in palaeochannels and flood channels 
(Nicholas and Mitchell, 2003; Alsdorf et al., 2007) and thus, the specific stream power in these 
features would be much higher owing to reduced width of floodplain inundation. Additionally, 
partial infilling at the upstream ends of these features creates locally steep gradients, which would 
also lead to localised increases the specific stream power. As inundation depth increases and the 
entire floodplain slot is filled (e.g. Q10 floods), floodplain specific stream powers would be expected 
to become less spatially complex. Clearly, the geomorphic diversity of Wet Tropics floodplains is 
more complex than can be explained using simple estimates of peak flood power. 
One of the marked hydraulic characteristics of these erosionally-modified floodplains is the 
frequent and complete inundation that leads to large volumes of floodwaters (except in the 
Liverpool catchment). During relatively frequent flood events (i.e. Q10), the entire floodplain slot 
retains floodwaters and the large depths and reduced velocities lead to backwater-type conditions 
dominating the floodplains (G. Riera, M. Russo pers. comm.). Such conditions are strongly 
influenced by terraces, which impinge on the floodplain at certain locations in each study reach and 
therefore restrict the conveyance of floodwater. When backwater conditions develop, minimal 
erosion of the floodplain would be expected. However when floodwaters recede, the changing 
balance of flood inflows and outflows, and their interactions with topography, result in significant 
changes in the erosive potential of overbank flows (Hughes, 1980; Nicholas and Mitchell, 2003). 
For example, floodplain return flows that drain back to the main channel via small backchannels 
may be associated with increased surface erosion potential. The potential for return flow-induced 
erosion is a function of the retained volume of floodwater and the rate of return flow discharge from 
backchannels or less-defined discharge points, which is controlled by the flow depth in the main 
channel. The greatest potential for return flow erosion would occur in association with a rapidly 
receding flood where high return flow discharges are sustained over extended durations by large 
volumes of floodwaters retained on floodplains. Return flow-induced erosion is suggested as a 
possible generation mechanism for backchannels, depressions and secondary channels. 
Major geomorphic change in fluvial landscapes is not always associated with peak flood 
power. Other important flood characteristics include the nature of the flood hydrograph in terms of 
the duration of peak flood power (Costa and O’Conner, 1995; Magilligan et al., 2015), rate of flood 
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rise and total inundation depth (Alexander and Fielding, 2006), and the temporal sequencing of 
multiple flood events (Nanson, 1986). In Wet Tropics floodplains, the duration of individual floods 
(up to 2 days for a single flood but only several hours for peak discharges) is not expected to be a 
major factor driving geomorphic and sedimentary complexity, given overall low peak flood powers. 
However, the steeply rising nature of floods is considered an important factor. The temporal 
sequence of floods is a known driver of floodplain geomorphic change in southeast Australian 
catchments (e.g. Nanson, 1986; Warner, 1997). The geomorphic effectiveness of multiple floods is 
thought to be related to the varying roles of individual floods with earlier floods seen as 
‘preparatory events’ for major change to occur in subsequent floods, regardless of flood discharge 
(Nanson, 1986 and refs therein). In eastern Australia, variations in flood frequency over decadal 
scales are related to larger-scale climatic phenomena such as the El Niño Southern Oscillation 
(Micevski et al., 2006). Determining the longer-term patterns of river discharge variability in the 
Wet Tropics is the focus of Chapter 5. 
3.6 Conclusions 
Improved understanding of floodplains and the processes governing their development is critical for 
predicting future trajectories of change in these environments. This study has developed a broad, 
regional-scale understanding of floodplain surface geomorphic units and flooding hydraulic 
characteristics. Floodplains are topographically complex marked by high surface relief and high 
geomorphic diversity; the latter dominated by erosional forms. Spatial organisation of geomorphic 
units is complex and is poorly correlated to well-established variables at-a-site. Over larger reach 
scales, geomorphic diversity shows some correlation with terrace preservation with higher diversity 
associated with increased terrace preservation, that is, narrower floodplains. Hydraulically, 
floodplains are inundated annually by deep floods (i.e. up to 6 m) but stream powers remain low to 
moderate. There is no clear relationship between stream power and geomorphic complexity, which 
is likely owing to other important flood characteristics such as the rate of rise, return flows, and 
temporal sequencing. Stochastic processes are also considered important. The interactions between 
flood hydrology and these high relief surfaces are more complex than can be represented by simple 
estimates of stream power. 
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Chapter 4: A model of floodplain construction and destruction 
in the Wet Tropics 
________________________________________________________________________________ 
4.1 Introduction 
It is widely acknowledged globally that floodplains represent important archives of river response 
to past environmental changes (Thomas and Thorp, 1995; Knox, 2000; Nanson et al., 2003; 
Macklin et al., 2012). Studying the sedimentology and age of the underlying sediments, which often 
complement an understanding of their surface morphology and hydraulic characteristics, provides 
this longer-term perspective on floodplain formation. Nanson and Croke (1992) previously 
described 13 different floodplain types and their major sedimentary characteristics that indicate the 
processes involved in their formation. One of the most significant contributions of this work is the 
recognition it has given to floodplains comprised predominantly of fine-grained sediments and the 
dominance of vertical accretion as a formation process. Ongoing research on floodplain 
sedimentary and stratigraphic characteristics across a wider range of settings continues to expand 
our understanding of the construction and destruction processes influencing floodplain evolution. 
For example, the catastrophic stripping model (Nanson, 1986) is now widely cited to support the 
destruction of fine-textured floodplains built primarily through vertical accretion. The model 
suggests that as floodplain building progresses, the resultant increase in bank height results in the 
confinement of a greater proportion of flows and eventually “whole-scale scour of the channel 
margin and floodplain occurs” (Nanson, 1986). 
The stripping model is further examined by Warner (1997), with some modifications 
proposed to the original concept. Firstly, chute processes are suggested to be the dominant 
mechanism of stripping and thus the spatial extent of floodplain erosion may be more limited (i.e. 
partial) than initially implied by Nanson (1986). Warner (1997) also suggests that stripping is 
essentially a post-European phenomena caused by the removal of floodplain forests by Europeans 
that coincided with the occurrence of a ‘flood-dominated’ regime in the 1940s and 1950s. 
Additionally, catastrophically-stripped floodplains do not always recover and thus conclusive 
evidence for a cyclical process is considered to be lacking (Warner, 1997).  Recent Wet Tropics 
studies in the Daintree and Mulgrave river catchments also conclude that the catastrophic stripping 
model is the most appropriate explanation for the observed floodplain morphologic and 
chronostratigraphic characteristics (Leonard and Nott, 2015a; Leonard and Nott, 2015b). 
Importantly, chronologies from these floodplains suggest stripping occurs with return intervals of 
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the order of hundreds of years, thought to be driven by changes in cyclone activity (Leonard and 
Nott, 2015a; Leonard and Nott, 2015b). 
Floodplain studies in other tropical settings such as the Beni and Mamore Rivers in the 
Amazon Basin further enhance understanding on the key climatic drivers of floodplain evolution 
(Aalto et al., 2003). A key feature of these floodplains is the stratigraphic dominance of clearly 
bound units of silty-sand sediments of uniform age that are observed up to 1 km from the channel 
(Aalto et a., 2003). Based on an 80-year chronology, these floodplains are shown to episodically 
aggrade through crevasse splay deposition associated with rapidly rising floods during La Nina 
phases of the El Niño Southern Oscillation (ENSO) cycle (Aalto et a., 2003).  This model represents 
an important conceptual development in floodplain geomorphology given the significant effect of 
ENSO on river flooding globally (Ward et al., 2010). Further, it is well established that since 4 ka, 
ENSO cycles have been a key driver of hydroclimatic variability in Australia (Shulmeister and 
Lees, 1995; Donders et al., 2007) and more specifically, North Queensland (Lough, 2011; Lough, 
2014). The ENSO phenonmenon is therefore potentially a major factor influencing floodplain 
formation. Floodplains in the humid tropics represent the ideal locations for the further study of the 
role of ENSO in floodplain formation (Shen et al., 2015). 
The aim of this chapter is to detail the dominant floodplain chronostratigraphy for four 
catchments in the Wet Tropics to provide the longer-term context of floodplain formation 
processes. Using this data in combination with morphologic and hydrologic data (Chapter 3) a 
conceptual model of floodplain construction and destruction is proposed. 
4.2 Study area 
This study focuses on representative floodplain sites within study reaches of the North Johnstone 
River, South Johnstone River, Liverpool Creek, and Tully River (Figure 4.1). Study reach 
characteristics are summarised in Table 3.2 (Chapter 3, Section 3.2). As detailed in Chapter 3, 
floodplains are morphologically complex and inundated annually by up to 6 m. Flood sediment 
loads for study rivers are typically characterised by silt (~70%), clay (~20%), fine sand (~9%) and 
coarse sands (~1%) (Turner et al., 2013). 
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Figure 4.1. Maps of selected floodplains and mapped geomorphic units (refer to Chapter 3). Drill sites and 
cross section locations are shown. Inset maps show the location of selected floodplains within partly 
confined valleys.  
4.3 Methods 
4.3.1 Site selection 
Selected sites for detailing the nature and age of underlying sediments were selected within study 
reaches based primarily upon representation of the mapped geomorphic units and logistics of access 
(Table 4.1). 
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Table 4.1. Characteristics of selected floodplains. Geomorphic units drilled for sedimentary analysis are 
indicated by italicised text.  
Reach Sampled floodplain Relief 
(m) 
Geomorphic units Minimum inundating 
flood  
North 
Johnstone 
Upstream 3–5 Flood channels, scour Qma  
 Downstream 6–10 Overbank splay, depression, 
backchannel 
Qma, Q100 for splay
South 
Johnstone 
Upstream 5–9 Overbank splay, depression, Qma, Q10 for splay
 Downstream 2–9 Overbank splay, depression, 
levee, backchannel, chute, scour 
Qma, Q100 for splay
Liverpool One floodplain sampled 2–6 Palaeochannels, secondary 
channels 
Q100 
Tully Upstream 5–9 Levee, backswamp, backchannel Qma, Q100 for levee* 
 Downstream 5–9 Overbank splay, backswamp, 
depression, chutes, backchannel 
Qma, Q10 for 
backswamp, Q100 for 
splay 
* Estimate based on modelling of downstream floodplain 
4.3.2 Sedimentology and stratigraphy 
Intact sediment cores (2–10 m in depth) were extracted from representative examples of 
geomorphic units using a Geoprobe 6610DT drill rig (Table 4.1). Maximum drilling depth was 
defined by the presence of unconsolidated sands and gravel, or cohesive clays. Sediment cores were 
logged for texture, Munsell colour, mottling, mineral segregations, organic matter, dominant grain 
size, and the nature of unit boundaries. These were used to delineate the major sedimentary units. 
Features such as soil aggregate (i.e. ped) structure, mottling, mineral and organic segregations, 
which are indicative of pedogenic modification, were assessed according to standard methods 
(NCST, 2009). While no minimal thickness of pedogenic features exists to determine at what point 
a sedimentary unit is considered pedogically-altered, in practice, their visual recognition in cores 
and exposures requires they span at least 20 cm. Non-fluvial regolith sediments were interpreted 
from features indicative of extensive weathering such as clay induration, kaolinisation and 
ferruginisation (Ollier and Pain, 1996; Pain, 2008). Particle size analysis of selected sedimentary 
units was conducted as per methods detailed in Chapter 2, Section 2.3.1. Sediment calibre, 
stratigraphic position and pedogenic features were used to interpret fluvial depositional 
environments. Pedogenic features are indicative of periods of stability when the rate of soil 
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development exceeds that of fluvial deposition or erosion (Fryirs and Brierley, 1998). Cross-
sectional stratigraphy was compiled from core logs and overlain onto cross sections derived from 
the Light Detection and Ranging (LiDAR) digital elevation model. 
4.3.3 Dating 
To provide a broad chronology of the timing of floodplain formation, a total of 19 samples were 
collected from basal and near-surface sediments and dated using OSL. The methods of sampling, 
laboratory procedures and age determination are detailed in Chapter 2, Section 2.3.1. The upper 1–
1.5 m of sediment was avoided owing to the potential effect of bioturbation (Duller, 2008), unless 
clearly bound sand units were observed that indicate minimal post-depositional modification. To 
illustrate the timing of floodplain formation across the four catchments, a summed probability 
density function (SPDF) was constructed in OxCal Version 4.2 (Ramsey, 1995; Ramsey, 2001). 
4.3.4 Floodplain aggradation rates 
Rates of floodplain aggradation were estimated for sediment cores with multiple dates assuming 
linear age-depth relationships (Cohen and Nanson, 2008). Aggradation rates pertain to the sediment 
bound by dated sediment and thus exclude surficial sediments. minimum, mean and maximum 
aggradation rates were estimated based on OSL age errors. 
4.4 Results 
4.4.1 Floodplain chronostratigraphy 
Sediment cores were sampled from eight different geomorphic units across ten floodplains that 
exhibit variable surface relief and inundation characteristics (Table 4.1). Cross-sectional 
chronostratigraphy and representative core logs for floodplains are shown in Figures 4.2, and 4.4–
4.7, with OSL ages detailed in Table 4.2. Despite the diverse range of surface morphologies, there 
are marked similarities in the sediments and stratigraphy across all sites. The consistent feature of 
floodplain sediments is the presence of basal coarse sand and gravels interpreted as channel 
deposits. Basal material is clearly bound from the above finer-grained alluvium, which comprises 
alternating units of silt and sand interpreted as overbank deposits. Additionally, all floodplains have 
a surface capping of silty alluvium. Overall, floodplains show a distinct lack of a gradual, upward 
fining. 
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Channel deposits 
Channel deposits typically comprise gravel and pebble units that are at least 1 m thick, the top of 
which is 1–2 m above the current channel bed (Figures 4.2, 4.4–4.7). In cores collected from the 
South Johnstone (Figure 4.5) and Liverpool reaches (Figure 4.6), channel deposits were observed 
overlying cohesive clay material interpreted as regolith (Figure 4.3A). Owing to the difficulty in 
drilling and extracting channel material, the thicknesses of these units will be underestimated. Age 
control of channel deposits is poor due to the lack of suitable (fine sand) material for OSL dating. 
Dated channel deposits from the downstream floodplain in the South Johnstone reach yielded ages 
of 1.19 ± 0.18 ka (5.5 m) and 3.28 ± 0.46 (6 m) and 1.46 ± 0.12 ka (4.5 m) in the Tully reach (Table 
4.2). 
Overbank deposits 
Finer-grained sediments, commonly 3–9 m thick, overlie channel deposits. The overall thickness of 
this alluvium is highly variable, which is reflected in the high degree of surface relief. Overbank 
deposits generally show a sharp basal contact (with channel sediments) and in some cases, silty 
units directly overlie pebble channel deposits (Figure 4.3B). The internal stratigraphy of overbank 
deposits typically shows alternating, clearly bound units dominated by either sand or silt (Figures 
4.3A, 4.3D). The thickness of individual sandy and silty units commonly ranges from 0.2–1.5 m 
although silty units may be up to 4.5 m thick. Sandy units vary from poorly sorted to well-sorted 
fine, medium or coarse sand — some units contain thin bands (<5 cm thick) of silty material. Silty 
units show an array of pedogenic features such as distinct, small mottles (<5 mm), mineral 
segregations, ped structure and organic accumulations (Figure 4.3C). Particle size analysis revealed 
silty units often contain considerable amounts (20–40%) of fine to medium sand that is often 
concentrated in bands <5 cm thick. Subangular gravels in the Tully floodplain located at a discharge 
point of a hillslope tributary (core Tu3, Figure 4.7) are interpreted to originate from hillslopes and 
not the main river channel. 
A total of 15 OSL ages are derived for the overbank deposits across the four reaches (Table 
4.2). Figure 4.8 shows the SPDF and provides evidence for two phases of overbank aggradation. 
The earlier phase is dated between 1.6 and 0.8 ka and is represented by two cores from overbank 
splays in the North Johnstone and Tully reaches. Basal sediments from the North Johnstone 
overbank splay were dated to 0.94 ± 0.10 ka (6.5 m) while near-surface sediments were dated to 
1.01 ± 0.20 ka (1.5 m). In the Tully reach, basal sediments were dated to 1.56 ± 0.13 ka (5.4 m) and 
1.36 ± 0.12 ka near the surface (1.5 m). The mean aggradation rate for this older Tully floodplain is 
estimated at 2.0 cm yr-1 (Table 4.3). In the North Johnstone, the basal and near-surface ages are 
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within error of each other and therefore only a maximum aggradation rate of 500 cm yr-1 can be 
estimated (Table 4.3). In addition, the basal silty unit dated contains pedogenic features suggestive 
of an early period of surface stability thus, this floodplain may have aggraded even more rapidly 
than indicated by the maximum aggradation rate. It is possible the North Johnstone downstream 
floodplain represents the near-instantaneous deposition associated with a single or multiple, closely 
spaced flood events. 
Sediments dated to the earlier aggradation phase are absent within the other dated cores and 
in combination with the chronological gap between 0.8 and 0.5 ka (Figure 4.8) suggests the 
existence of a period of removal of this older alluvium.  
The more recent phase of aggradation is dated to post 0.5 ka based on OSL ages from seven 
cores across all four reaches (Figure 4.8). Cores representative of this phase show a range of ages 
for basal and near-surface overbank units (Table 4.2) and thus mean aggradation rates also vary and 
span an order of magnitude from 0.5–6.3 cm yr-1 (Table 4.3). 
Silty alluvial surface capping 
On all floodplains, the surface overbank unit is silt-dominated and of variable thickness (Figure 4.2, 
4.4–4.7). Most cores show this unit to be pedogenically altered (e.g. ped structure, mottling, 
organics) but also show disturbance from agricultural activities (e.g. ploughing, deep ripping). Age 
control of this unit is poor as it was avoided due to potential effects of bioturbation. Based on ages 
derived from clearly bound units immediately below, this unit may represent deposition spanning 
anywhere between the last 100 to 1000 years. 
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Figure 4.2. Cross-sectional floodplain chronostratigraphy and representative core logs from the North Johnstone study reach. Refer to Figure 4.1 for cross section 
and core locations. 
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Figure 4.3. Images of floodplain sediment cores showing examples of key sedimentologic and stratigraphic features. A. Fluvial sediments abruptly overlie regolith 
material, and there are sharp contacts between overbank sand and silt units (core S9). B. Sharp basal contact between overbank and channel deposits and inset 
showing pedogenic features within an overbank silt unit (core N4). C. Sharp basal contacts between overbank silt and sand units (core Tu2). 
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Table 4.2. OSL sample details, radionuclide concentrations and ages (2 sigma errors). NJ – North Johnstone, SJ – South Johnstone; LP – Liverpool, TL – Tully. All 
radionuclide values are in Bq kg-1. ‘n/a’ indicates where an OSL age could not be returned. Corresponding radial plots are provided in Appendix A. 
Reach ID Deposit type Latitude Longitude Depth 
(m) 
238U 226Ra 210Pb 210Pbex 228Ra 228Th 40K Dose rate 
total 
(Gy/ka) 
De (Gy) Age (ka) 
NJ N4 Overbank -17.527181 145.974046 1.5 44 ± 7 37 ± 3 39 ± 8 2 ± 8 50 ± 5 53 ± 3 596 ± 24 3.33 ± 0.27 3.35 ± 0.60 1.01 ± 0.20 
NJ N4 Overbank -17.527181 145.974046 6.5 58 ± 16 50 ± 5 55 ± 18 4 ± 19 75 ± 8 68 ± 4 677 ± 48 3.53 ± 0.30 3.32 ± 0.23 0.94 ± 0.10 
NJ N5 Overbank -17.536661 145.947792 1.4 36 ± 6 41 ± 4 39 ± 8 -2 ± 9 52 ± 5 50 ± 3 683 ± 46 3.40 ± 0.26 1.02 ± 0.13 0.30 ± 0.05 
NJ N5 Overbank -17.536661 145.947792 3.0 36 ± 12 27 ± 3 34 ± 9 8 ± 10 46 ± 5 52 ± 3 536 ± 25 3.19 ± 0.26 1.47 ± 0.10 0.46 ± 0.05 
SJ S4 Overbank -17.587193 146.019026 1.5 77 ± 11 59 ± 6 72 ± 13 13 ± 14 92 ± 8 91 ± 5 737 ± 50 4.66 ± 0.40 0.87 ± 0.04 0.19 ± 0.02 
SJ S4 Overbank -17.587193 146.019026 5.5 51 ± 10 43 ± 5 45 ± 10 2 ± 11 75 ± 7 67 ± 5 768 ± 54 3.33 ± 0.27 3.69 ± 0.40 1.11 ± 0.15 
SJ S4 Channel -17.587193 146.019026 6.0 24 ± 5 15 ± 2 19 ± 7 5 ± 7 24 ± 3 21 ± 2 88 ± 4 0.90 ± 0.08 2.97 ± 0.31 3.28 ± 0.46 
SJ S5 Overbank -17.596838 146.003814 1.0 40 ± 8 38 ± 3 34 ± 9 -4 ± 10 90 ± 7 91 ± 4 750 ± 32 4.55 ± 0.37 0.36 ± 0.03 0.08 ± 0.01 
SJ S5 Overbank -17.596838 146.003814 6.2 75 ± 18 50 ± 5 45 ± 13 -5 ± 14 258 ± 16 247 ±10 435 ± 26 5.73 ± 0.58 1.86 ± 0.16 0.33 ± 0.05 
SJ S6 Overbank -17.594257 146.005965 2.0 77 ± 10 67 ± 7 54 ± 10 -13 ± 12 41 ± 4 84 ± 5 666 ± 45 3.52 ± 0.30 1.28 ± 0.10 0.37 ± 0.04 
SJ S6 Overbank -17.594257 146.005965 5.5 26 ± 7 13 ± 2 27 ± 7 15 ± 8 25 ± 3 26 ± 2 703 ± 49 3.26 ± 0.25 1.52 ± 0.14 0.47 ± 0.06 
SJ S9 Overbank -17.589148 146.013192 1.7 31 ± 7 19 ± 3 44 ± 10 25 ± 10 44 ± 4 39 ± 2 776 ± 37 4.09 ± 0.32 1.10 ± 0.15 0.27 ± 0.04 
SJ S9 Overbank -17.589148 146.013192 4.2 55 ± 9 47 ± 5 58 ± 10 11 ± 11 39 ± 4 78 ± 5 768 ± 53 3.22 ± 0.26 0.99 ± 0.08 0.31 ± 0.04 
SJ S9 Channel -17.589148 146.013192 4.8 13 ± 6 17 ± 2 25 ± 7 8 ± 7 13 ± 6 23 ± 2 675 ± 47 2.61 ± 0.19 3.11 ± 0.42 1.19 ± 0.18 
LP L3 Overbank -17.724098 145.939767 1.0 32 ± 10 22 ± 3 51 ± 15 29 ± 7 42 ± 6 38 ± 3 772 ± 55 4.04 ± 0.33 2.41 ± 0.18 0.60 ± 0.07 
LP L3 Channel -17.724098 145.939767 6.3 21 ± 6 15 ± 2 24 ± 7 10 ± 7 25 ± 3 21 ± 2 836 ± 35 3.11 ± 0.21 n/a n/a 
TL Tu2 Overbank -17.901136 145.774613 1.5 99 ± 12 83 ± 7 80 ± 13 -3 ± 15 116 ± 8 108 ± 5 811 ± 40 5.16 ± 0.45 6.99 ± 0.17 1.36 ± 0.12 
TL Tu2 Overbank -17.901136 145.774613 5.5 25 ± 7 24 ± 2 31 ± 5 7 ± 6 39 ± 3 32 ± 2 675 ± 27 3.26 ± 0.25 5.07 ± 0.19 1.56 ± 0.13 
TL Tu3 Colluvium -17.888206 145.767963 0.7 70 ± 11 63 ± 5 65 ± 11 -5 ± 11 76 ± 5 75 ± 3 812 ± 32 4.67 ± 0.38 0.52 ± 0.09 0.11 ± 0.02 
TL Tu3 Channel -17.888206 145.767963 4.8 32 ± 8 30 ± 3 34 ± 7 4 ± 8 33 ± 3 34 ± 2 462 ± 24 2.33 ± 0.18 3.40 ± 0.08 1.46 ± 0.12 
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Figure 4.4. Cross-sectional chronostratigraphy and representative core logs from the upstream floodplains in the South Johnstone study reach. Refer to Figure 4.1 for 
cross section and core locations. 
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Figure 4.5. Cross-sectional chronostratigraphy and representative core logs from the downstream floodplains in the South Johnstone study reach. Refer to Figure 4.1 
for cross section and core locations.
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Figure 4.6. Cross-sectional floodplain chronostratigraphy and representative core logs from the Liverpool 
study reach. Refer to Figure 4.1 for cross section and core locations. 
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Figure 4.7. Cross-sectional chronostratigraphy and representative core logs from the floodplains in the Tully 
study reach. Refer to Figure 4.1 for cross section and core locations. 
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Table 4.3. Floodplain aggradation rates. Mean, minimum and maximum aggradation rates are calculated 
from linear regression applied to central, upper and lower OSL ages. Where OSL central ages for near-
surface and basal sediments are within error of each other only a maximum aggradation rate can be 
estimated. 
Core ID Geomorphic 
unit 
Sediment 
accumulation 
(cm) 
Profile 
OSL age 
(yrs) 
Minimum 
aggradation 
rate (cm yr-1)
Mean 
aggradation 
rate (cm yr-1) 
Maximum 
aggradation 
rate (cm yr-1) 
N4  overbank
splay 
500 1010 ± 200
940 ± 100 
na na 500 
N5 flood 
channel 
160 300 ± 50
460 ± 50 
0.6 1.0 2.8 
S5 meander 
bend neck 
520 80 ± 10
360 ± 50 
1.5 1.9 2.4 
S8 flat surface 300 370 ± 40
470 ± 60 
1.25 2.5 350 
S4 flat surface 450 190 ± 20
1110 ± 150 
0.4 0.5 0.6 
S9 depression 250 270 ± 40
310 ± 40 
2.1 6.3 250 
Tu2 overbank 
splay 
400 1360 ± 120
1560 ± 130 
0.9 2.0 400 
 
 
Figure 4.8. Timing of floodplain formation as shown by the SPDF based on OSL ages from this study (solid 
line) and from the Daintree (Leonard and Nott, 2015a) and Mulgrave catchments (Leonard and Nott, 2015b) 
(dashed line). Data points denote OSL ages and errors for this study only. Data points are shaded according 
to whether they derive from basal (black) or near-surface (white) overbank sedimentary units. 
4.5 Discussion 
The major aim of this study was to document the dominant processes of floodplain formation and 
provide evidence for floodplain construction and destruction. Dating indicates the floodplains 
represent the last 2000 years of erosion and deposition with the most recent phase of deposition 
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occurring in the last 500 years. The temporal distribution of floodplain ages is also very similar to 
those documented in the Mulgrave and Daintree River catchments (Leonard and Nott, 2015a; 
Leonard and Nott, 2015b) (Figure 4.8), highlighting a high degree of regional synchronicity in the 
timing of floodplain formation across the Wet Tropics. 
4.5.1 Floodplain formation processes 
Vertical accretion construction along laterally stable channels  
Wet Tropics floodplains appear to be associated with channels that are laterally stable and built 
predominantly by vertical accretion processes. Floodplain stratigraphy is marked by alternating, 
clearly bound silty and sandy units indicative of vertical accretion. This pattern is also typical in 
floodplains of the Mulgrave River where it is interpreted as a vertically accreted sequence (Leonard 
and Nott, 2015b). By contrast, floodplain stratigraphy associated with laterally migrated rivers is 
characterised by a gradual upward fining in sediment calibre (Nanson and Croke, 1992). The clearly 
bound sedimentary units in Wet Tropics floodplains are similar to those described in the Amazon 
Basin, where ENSO is considered the key driver of floodplain formation (Aalto et al., 2003). 
Morphologically, the preservation of overbank splays adjacent to the channel in these narrow 
valleys and dated to >1 ka, provides supporting evidence that channels have not gradually migrated 
across valley floors. There is also a general absence of floodplain scroll bar and point bar 
complexes, which are typical geomorphic units of gradual lateral migration processes of 
meandering rivers (Nanson and Croke, 1992). Channel lateral stability in study reaches is also 
supported by other studies in the Wet Tropics showing low rates of bank erosion (Bartley et al., 
2008).   
Clearly bound channel deposits indicating active bedload transport and potentially, laterally 
active channels, lie below overbank deposits. Age control on these sediments is currently poor. 
However, the ~3 kyr gap between the abandonment of the T2 terrace (~4.9 ka) and the onset of 
floodplain deposition (1.6 ka) highlights that channel deposits were likely deposited much earlier 
(i.e. diachronous) than the overlying overbank deposits.  The sedimentology and stratigraphy of 
floodplains shows marked similarity within and between sites with alternating sequences of silty 
and sandy units indicative of overbank vertical accretion. This is in contrast to the high geomorphic 
diversity mapped on surfaces and indicates the floodplain formation processes are distinct from 
those related to their post-formation modification (see Chapter 3). 
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Rapid, episodic construction 
Dating of Wet Tropics floodplains suggest vertical accretion occurs rapidly and in episodic phases 
that last several hundreds of years. In general, the most rapid aggradation rates (>2 cm yr-1) are 
associated with those floodplains comprising thick overbank sand units while those dominated by 
clay and silt units aggrade less rapidly (<2 cm yr-1).  In some instances however, it is possible that 
alluvial sequences up to 5 m thick were deposited in a single event. Such rapid aggradation of 
floodplains is perhaps not surprising given floodplains are inundated by annual floods of several 
metres depth. An exception to this is seen in the Liverpool catchment where ~1 m of overbank 
deposition represents the last 600 years. Overall, the floodplain aggradation rates found in this study 
are comparable to those estimated for the Daintree River floodplains, which range from 1–10 cm  
yr-1 over the last 1000 years (Leonard and Nott, 2015b). Similar timing of episodic aggradation is 
also apparent in the Daintree and Mulgrave floodplains (Figure 4.8). Wet Tropics floodplain 
aggradation rates are approximately ten times higher than those for vertically accreted floodplains 
in small coastal catchments of New South Wales (Nanson, 1986; Cohen and Nanson, 2008). In 
contrast to Nanson (1986), who suggest vertical accretion is likely to be highest in the initial stages 
of floodplain accretion when sandy material is more readily deposited overbank, the alternating 
stratigraphy in Wet Tropics floodplains highlights a more variable pattern in the rate of floodplain 
building. 
Episodic destruction 
Floodplains in the Wet Tropics are periodically destroyed, which is a characteristic inherently 
related to the finite storage of alluvium and their rapid aggradation. At many sites, basal overbank 
sediments are as young as 300 years old and highlight the recent occurrence of floodplain 
destruction processes. In terms of the extent of floodplain stripping, the Wet Tropics floodplains 
provide evidence for both wholescale stripping (sensu Nanson, 1986) and partial stripping (sensu 
Warner 1997). Wholescale stripping is supported by the presence of diachronous basal gravels 
overlain by young alluvium. Evidence for partial stripping is found in the preservation of alluvium 
dated to the earlier aggradational phase (0.8–1.6 ka) and the absence of sediments dated to between 
0.5–0.8 ka. The timing of such stripping episodes in the study catchments occurs over centennial 
scales with basal sediments from the youngest floodplains dating to between 0.5–0.3 ka, similar to 
those originally described by Nanson (1986). 
The relatively old deposits adjacent to the channel correspond to the most elevated parts of 
the floodplain (i.e. overbank splays) that require at least a Q100 flood for their complete inundation. 
Such events exceed the largest flood in gauged records and therefore the rare inundation may 
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explain the preservation of this older alluvium. The preservation of pedogenically-modified silty 
units also suggests times of floodplain surface stability (i.e. minimal fluvial erosion and deposition). 
In the Wet Tropics where flooding occurs at least once annual, such stability is most likely 
associated with drier climatic conditions. By contrast the discrete sandy units indicate deposition 
during large floods associated with wetter climates. In combination, these disparate sedimentary 
units indicate that deposition on these floodplains is associated with highly variable 
hydroclimates. Hydroclimatic variability over the timescales of floodplain formation is further 
explored in Chapter 5. 
Floodplains in the Liverpool catchment exhibit some unusual features. By comparison with 
the other studied floodplains, those in the Liverpool reach exhibit a thin overbank deposit (<2 m 
thick) and relatively old near-surface floodplain ages (>0.6 ka). Collectively, these suggest that 
floodplain erosion and deposition processes in this catchment are less active than those in the other 
Wet Tropics catchments. One potential explanation for this is floodplain erosion followed by 
sediment supply exhaustion. In the Liverpool catchment, Nott et al. (2009) detail an extensive 
sequence of 29 beach ridges formed between 2–4 kyr that are located ~15 km downstream of the 
Liverpool floodplains studied here. Sands sourced from upstream catchments are considered the 
dominant sediment supply for beach ridge systems in the Wet Tropics (Forsyth et al., 2010). It is 
therefore possible that these beach ridges formed in association with the erosion of the Liverpool 
floodplains after which sediment supplies for floodplain construction appear to have remained 
minimal.  
4.5.2 A conceptual model of floodplain formation and modification in the Wet Tropics 
The discussions above of the processes and timing of floodplain formation and of the morphology 
and hydrology characteristics in Chapter 3 provide the basis for a new conceptual model for these 
humid tropical floodplains (Figure 4.9). In addition, hypotheses are made as to the possible drivers 
associated with each phase of floodplain development. 
Phase A 
The beginning (or resetting) of floodplain formation can occur with wholescale stripping, with the 
entire removal of alluvium down to a basal lag (Phase A). In the Wet Tropics, this process occurred 
sometime prior to ~1.6 ka suggesting such dynamics likely operate over millennial timescales. Such 
wholescale floodplain stripping is best explained as the result of a single or multiple high magnitude 
floods that exceeds the resistance offered by the floodplain (Nanson, 1986). Accordingly, an 
extreme event or wetter climate may be likely associated with this destructive floodplain phase. The 
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potential for such extreme floods at this time is supported by coral-based climate (ENSO) proxies in 
the equatorial Pacific (Woodroffe and Gagan, 2000; Tudhope et al., 2001; Woodroffe et al., 2003). 
These proxy records show some of the highest variability in ENSO cycles at 2.5–1.7 ka. This 
finding is also supported by ENSO modelling (Clement et al., 2000; Liu et al., 2000).  Greater 
climatic extremes at this time would have resulted in the periodic occurrence of wet conditions (i.e. 
La Nina events), cyclones and large floods. The role of  ‘super-cyclones’, which are thought to 
occur every 200-–300 years in the GBR region, also requires some further consideration (Nott and 
Hayne, 2001). 
Phase B 
Following wholescale stripping, a fine-grained floodplain aggrades rapidly (Phase B). In the Wet 
Tropics, Phase B saw ~5 m of floodplain deposition, potentially over a very short time, between 
~1.6–0.8 ka. Floodplain sediments clearly show alternating sandy/silty stratigraphic units that 
suggest variable flooding regimes, which like Phase A above, may be best explained by ENSO-
driven climatic variability. Laminated sediments from Lake Barrine on the adjacent Atherton 
Tablelands, which are dated to occur approximately every four years, provide some evidence for the 
presence of ENSO cycles in the region at this time (Walker, 2007).  It is possible each sandy/silty 
unit represents a La Nina/El Niño ENSO event however, achieving the necessary chronological 
control to confirm such dynamics in beyond the scope of fluvial sediment archives deposited over 
these timeframes (Neukom and Gergis, 2012). Internal controls are also likely to contribute to this 
Phase. For example, floodplain height is a key control on flood magnitude and frequency and hence 
floodplain inundation. In the floodplain stripping model of Nanson (1986), the gradual increase in 
floodplain height was seen to result in a general upward-fining of sediments. In study floodplains, 
there is the tendency for more pronounced flood couplets preserved as alternating sandy/silty units 
which occur throughout the floodplain profile rather than any consistent change in particle size, and 
floodplain height is not considered here as a key control on the nature and style of aggradation. 
Phase C 
Post ~0.8 ka, there was a period of partial floodplain stripping (Phase C) as indicated by the limited 
preservation of older alluvium and the chronological gap at ~0.5–0.8 ka. Similar to Phase A, the 
most likely cause of stripping is high magnitude flooding. This is supported by modelling, which 
shows large floods (i.e. >Q100) are required to inundate the older, partially removed alluvium 
(Chapter 3, Section 3.4.4). In the Barron River catchment, recent studies have shown many of the 
highest magnitude floods are associated with tropical cyclones (Leonard and Nott, 2015b). This 
association also exists for study catchments (Chapter 5, Section 5.4.1). High-resolution speleothem 
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proxies for the region demonstrate an increase (relative to present) in cyclone activity around this 
time (Haig et al., 2014). In terms of the processes that contribute to the partial stripping of 
floodplains, the ubiquitous presence of chutes (and general absence of levees) on floodplain 
surfaces (Chapter 3, Section 3.4.2) suggests this is an important mechanism driving floodplain 
stripping. However, other forms of erosional units that are preserved suggest alternative 
mechanisms also contribute. 
Phase D and Phase E 
The last ~500 years is characterised by floodplain aggradation (Phases D and E). Similar to Phase 
B, the alternating sand and silt stratigraphy of the most recent floodplains suggest deposition during 
variable flood magnitudes. In Phase D, the deposition of sand on floodplains requires larger floods, 
which may be more likely during La Nina events. This is similar to the major processes of 
floodplain aggradation by splay deposition documented in other GBR catchments (Alexander and 
Fielding, 2006) and the larger Amazonian floodplains (Aalto et al., 2003). Cyclones that are more 
likely during La Nina events typically lead to reduced vegetation cover, and in combination with 
the lower resistance of sandy sediments to erosion, higher potential for surface erosion is 
hypothesised for Phase D.  
Phase E pertains to the aggradation of silty sediments that occur vertically throughout the 
sedimentary profile and which are typically pedogenically-modified. As noted above, the potential 
for pedogenesis in these humid tropical settings is highest during the drier climatic conditions when 
the absence of fluvial erosion or deposition means floodplain surfaces are relatively stable. As such 
these sediments provide evidence for reduced flood magnitude and frequency and relative surface 
stability. Such hydrological conditions are most likely to occur during drier El Niño events. In many 
parts of Australia, El Niño events result in drought and reduced vegetation, however in the Wet 
Tropics El Niño years receive annual rainfalls of >2000 mm (McJannet et al., 2007) that are 
sufficient for the survival of rainforest vegetation. Vegetation leads to the addition of organic matter 
to sediments, which is a key driver of pedogenic processes over centennial timescales. Collectively, 
the pedogenically-modified silty sediments result in a cohesive surface that is less prone to erosion 
during Phase E.  
At the decadal to multidecadal scales, there is considerable support for fluctuations in ENSO states 
based on other climate proxies. For example, coral records demonstrate conditions in the region 
oscillated between warmer and cooler between 1560 and 1980, possibly related to ENSO (Hendy et 
al., 2002; Hendy et al., 2003). Centennial-scale cyclicity in tropical cyclone activity (and hence 
possibly flood regimes) is also documented for the region with the highest activity occurring 
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between the late 1600’s and mid 1700’s (Haig et al., 2014). Ultimately, a greater understanding of 
the link between silty and sandy floodplain units and ENSO variability requires higher-resolution 
dating of these floodplain units. High-resolution records of Wet Tropics hydroclimatic regimes are 
further discussed in Chapter 5. 
Theoretically, the resetting of the floodplain formation cycle (to Phases A or C) may result 
from the partial or wholescale stripping of alluvium. Based on the hydroclimatic conditions 
associated with partial and wholescale stripping, such resetting is most likely to be caused by the 
onset of a strong La Nina event and exceptionally large floods. 
Several aspects of this new model enhance our understanding of floodplain construction and 
destruction. Specifically, the model provides a more explicit explanation for the nature (i.e. partial 
or wholescale) and timing (i.e. centennial or millennial) of stripping processes in floodplain 
formation (cf. Nanson, 1986; Warner, 1997). It appears that chute processes are a key mechanism 
by which partial stripping occurs, although they are unlikely to be the only mechanisms. Levees 
appear to be irrelevant to stripping processes (cf. Nanson 1986; Warner, 1997) as supported by 
LiDAR-based geomorphic mapping across study catchments (Chapter 3, Section 3.4.2). In contrast 
to Warner (1997), stripping is not a post-European phenomena and there is evidence for recovery 
(i.e. infilling of floodplains). Additionally, the characteristic stratigraphic signature of Wet Tropics 
floodplains lend support for the influence of ENSO over much longer time frames than has been 
described to date (Aalto et al., 2003). The model also details complex feedbacks that operate 
between climate, vegetation and fluvial forms and will have an important influence in the resultant 
floodplain form. Existing models describe relatively simple and predictable cycles of floodplain 
formation associated with a limited set of erosion and deposition processes (e.g. levees or crevasse 
splays). In contrast, this model highlights the potential of different states for example, partial or 
wholescale stripping, or different dominant surface morphologies (i.e. in Phase D or E), which 
evolve as a function of the on-going interactions between climate, vegetation and inherited fluvial 
form. As such, the new model aligns well with the concept of multiple evolutionary trajectories in 
geomorphic systems as discussed by Phillips (1996). In complex landscapes such as Wet Tropics 
floodplains where climate, vegetation and sedimentary dynamics are changing potentially more 
rapidly, the existence of a single state should it occur, is likely to be short lived and in constant state 
of flux. 
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Figure 4.9. Conceptual model of Wet Tropics floodplain formation. Solid arrows indicate developmental 
pathways as supported by morphologic and chronostratigraphic data. Dashed arrows denote theoretical 
pathways by which the cycle of floodplain formation may be reset. 
4.6 Conclusion 
The major aim of this chapter was to elucidate the chronostratigraphic character of floodplains and 
synthesise these findings and those detailed in Chapters 3 for the purposes of developing a 
conceptual model of floodplain formation for the Wet Tropics. Whilst acknowledging earlier 
contributions of the catastrophic stripping model and more recently, ENSO-focused models, the 
new model highlights the important role of wetter and drier phases in the surface and subsurface 
characteristics of these floodplains that have evolved over the last ~1.6 kyr. The new model also 
provides a more detailed description of the nature and timing of various construction and 
destruction processes. Detailed discussion of the palaeoclimate is provided in the following 
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chapters. Within the broader context of fluvial geomorphology, the model recognises recent 
theoretical developments, which highlight the probability of multiple evolutionary trajectories and 
non-linear behaviour in fluvial response. In this setting, where complex interactions between 
climate, vegetation and soil exits, strong feedbacks suggest floodplains are in a constant state of 
flux. This ensures floodplains maintain the potential for multiple states at any given time 
(depending on interactions and feedbacks) rather than the progressing predictably towards a single 
dominant state. 
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Chapter 5: Decadal and centennial scale hydroclimate 
variability in the Wet Tropics 
________________________________________________________________________________ 
5.1 Introduction 
The increasing number of high-resolution (i.e. annual), palaeoclimate proxy records developed 
within the last decade has greatly improved our understanding of global climate variability over the 
last millennium (Jones et al., 2009; Neukom and Gergis, 2012). This has been a particularly 
important in the tropics where the tropical climate represents the heat engine of the global climate 
system (Clement et al., 2000; Hendy et al., 2002). In the northeast Queensland tropics, a diverse 
array of high-resolution hydroclimate proxy records exist such as those developed from coral 
annual growth rings (Isdale, 1984; Isdale et al., 1998; Hendy et al., 2002; Hendy et al., 2003; 
Lough, 2007; Lough, 2011a), tree rings (Heinrich et al., 2008) and cave stalagmites (i.e. 
speleothems) (Nott et al., 2007; Haig et al., 2014). Collectively, these highlight significant changes 
in Queensland’s hydroclimate within the last ~1000 years along with marked decadal and 
centennial variability (e.g. Haig et al., 2014). Given tropical hydroclimate exerts a major control on 
geomorphology in these settings (Wohl et al., 2012), significant changes in fluvial systems may also 
be expected over the last millennium. However, despite the wealth of palaeoclimate knowledge in 
the Queensland tropics, relatively little is known of the associated impacts on fluvial geomorphic 
systems. 
A recent study of floodplains along the Daintree and Mulgrave Rivers reveals a preliminary 
picture of major fluvial geomorphic change over the last 1000 years (Leonard and Nott, 2015b; 
Leonard and Nott, 2015a). Results suggest the occurrence of episodes of floodplain stripping or 
wholesale erosion possibly related to phases of heightened cyclone activity, the latter shown by 
Haig et al. (2014). However, the lack of additional, independent hydrologic proxies specific to the 
Wet Tropics limits a more complete understanding of climatic drivers of floodplain change at the 
regional scale. Within the broader Great Barrier Reef (GBR) region there is a greater understanding 
of long-term hydroclimatic variability owing to numerous hydrological reconstructions from coral 
proxy records (Lough, 2010). Annual luminescent lines in long-lived coral species provide a robust 
proxy of summer-dominated river discharge and rainfall in many GBR catchments (Lough, 2007; 
Lough, 2011a; Lough, 2011b). Using coral luminescence proxies, Lough (2011a) develops a broad, 
hydrological reconstruction for the GBR region that extends back to 1640 AD. A key feature of this 
reconstruction is a marked increase in rainfall variability ~1880 AD with considerable increases in 
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the frequency and magnitude of wet and dry extremes (Lough, 2011a). However, this regional 
reconstruction contains no hydroclimate data from the Wet Tropics and whether it is truly 
representative of the distinct Wet Tropics hydroclimate (Bonell, 1988; Petheram et al., 2008; 
Wallace and McJannet, 2012) remains uncertain. 
Cyclones are the major generating mechanism of the highest rainfall intensities major across 
the global humid tropics (Brand and Blelloch, 1973; Brand and Blelloch, 1974; Bender et al., 1987; 
Hellin et al., 1999; Geerts et al., 2000; Grossman, 2001; Galewsky et al., 2006; Ramsay and Leslie, 
2008). Therefore cyclones are important drivers of geomorphic change, particularly in small, steep 
catchments (Kao and Milliman, 2008). In Queensland, tropical cyclones occur most frequently 
within Wet Tropics catchments (BOM, 2015) and it is well accepted that tropical cyclones have 
resulted in some of the largest floods (Bonell and Gilmour, 1980). Cyclones are also a leading cause 
of damage to vegetation in the Wet Tropics with effects including canopy defoliation, limb 
snapping and complete uprooting of trees (Curran et al., 2008). The addition of such woody debris 
to channels influences local hydraulics and creates foci for erosion and deposition processes in 
channel and floodplain settings (Wohl, 2013).  Recently, Leonard and Nott (2015a) compared the 
records of annual peak river discharges of the Barron River and cyclone occurrences since 1916 and 
found that 11 out of 15 floods classified as moderate to major (flood classification based on 
infrastructure inundation) were the result of cyclone activity within a 200 km radius of the 
catchment. 
Considerable effort is currently directed toward improving our understanding of cyclone 
magnitude and frequency over the late Holocene. Studies of sand ridge systems found adjacent to 
the coast throughout the GBR region (including the Wet Tropics) reveal their formation is caused 
‘super’ cyclones of which the frequency varies over millennial scales (Nott and Hayne, 2001; Nott 
et al., 2009; Forsyth et al., 2010; Forsyth et al., 2012). More recently, a higher resolution isotope 
speleothem record from Chillagoe (Figure 5.1) is used to reconstruct seasonal cyclone activity in 
the Wet Tropics over the past 700 years (Haig et al., 2014). Tropical cyclone rain is strongly 
depleted in the isotope G18O compared to normal tropical rain because of extensive fractionation 
that occurs during the condensation of uplifted air (Lawrence and Gedzelman, 1996). The Chillagoe 
speleothem is considered representative of cyclones passing within 400 km that have occurred since 
1907 (Haig et al., 2014). A marked feature of this speleothem record is the apparent cyclicity in 
seasonal cyclone activity with a peak in cyclone activity occurring between 1680 and 1820; cyclone 
activity prior and following this period was reduced (Haig et al., 2014). The reason for this 
centennial scale variability is thought to be related to the frequency of land-falling cyclones that is 
influenced by steering winds (Nott et al., 2007). This interpretation is supported by coral 
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geochemical proxies, which suggest stronger trade winds in the GBR region at 1600–1850 (Hendy 
et al., 2002). Interestingly, this cyclone activity peak coincides with lower rainfall conditions 
throughout the broader GBR region inferred from coral luminescence (Lough, 2011a). The different 
spatial scales represented by these reconstructions prevent an understanding of whether this is 
simply just an issue of scale. To better understand the long-term history of hydroclimate in the Wet 
Tropics, relevant reconstructions of river discharge are required. 
The magnitude and frequency characteristics of rainfall and tropical cyclones in northeast 
Queensland are strongly modulated by larger scale climatic phenomenon (Lough, 2011a). Over 
interannual to decadal scales, El Niño Southern Oscillation (ENSO) cycles causes significant 
variability in rainfall and flooding (Micevski et al., 2006) and tropical cyclones (Flay and Nott, 
2007). The La Nina phase of ENSO is characterised by increased summer monsoon circulation and 
increased rainfall, tropical cyclones and flooding, while the El Niño phase is associated with the 
opposite hydroclimatic conditions (Kiem et al., 2003). Across the majority of eastern Australia, 
ENSO-driven changes in rainfall and flooding over multi-decadal scales are further modulated by 
the Interdecadal Pacific Oscillation (IPO) (Kiem et al., 2003; Micevski et al., 2006). During cool 
IPO phases, the teleconnections between ENSO and rainfall is stronger than during warm IPO 
phases and consequently, the largest floods tend to occur when a La Nina phase coincides with a 
cool IPO phase (Kiem et al., 2003). However, an exception occurs in the northeast of Queensland 
(namely the Wet Tropics and catchments to the north) where there is no discernible influence of the 
IPO on the multi-decadal flood variability (Micevski et al., 2006). It was suggested this is due to the 
relationship between the IPO and the Intertropical Convergence Zone (ITCZ) and the fact that 
despite changes in the positioning of the ITCZ (i.e. IPO modulated), northeast Queensland is under 
the influence of the ITCZ during both cool and warm IPO phases (Micevski et al., 2006). 
Consequently, reconstructions of river discharges in the Wet Tropics can provide important 
information on past ENSO dynamics without the complicating effect of the IPO that influences the 
hydroclimate in other parts of eastern Australian. This is also significant for enhancing our 
understanding of the drivers of floodplain formation given ENSO is a major factor in tropical 
settings (Aalto et al., 2003). 
The objective of this study is to examine the role of decadal and centennial scale flood 
variability in the Wet Tropics, which are relevant to time frames of floodplain formation. There are 
three specific aims: (i) examine the link between floods and cyclones using historical records across 
four catchments of the North and South Johnstone Rivers, Tully River and Liverpool Creek in the 
Wet Tropics, (ii) develop a representative 400-year reconstruction of river discharge from coral 
luminescence proxies for the Johnstone River to examine long term trends in flood magnitude and 
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frequency, and (iii) using the discharge reconstruction, compare the decadal and centennial-scale 
patterns of discharge and cyclone activity, the latter detailed in (Haig et al., 2014). 
5.2 Study area 
This study focuses on the North Johnstone River, South Johnstone River, Liverpool Creek and 
Tully River catchments. Detailed information on these catchments is provided in Chapter 1, Section 
1.6. Figure 5.1 shows the locations of study catchments and proxy records used in this study. 
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Figure 5.1. Map of Wet Tropics catchments showing Köppen climate classes (modified from Peel et al., 
2007). Study rivers and locations of coral (triangles) and speleothem proxies used in this study are labelled. 
Inset map shows climate classifications across the GBR region. 
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5.3 Methods 
5.3.1 Determining the link between cyclones and floods  
The coincidence in the timing of floods and cyclones was examined using streamflow gauge 
records (Chapter 3, Section 3.2.2), tropical cyclone track data and published accounts of the impacts 
of extreme weather events. The annual maximum discharge series (AMS) for each of the four study 
rivers was extracted from Queensland Department of Natural Resources and Mines (QDNRM) 
streamflow databases (source: http://watermonitoring.derm.qld.gov.au/host.htm) (Chapter 3, 
Section 3.3.3). Series from each study catchment were then normalised to each series mean (AMSn, 
dimensionless) to allow for intercatchment comparisons of relative flood magnitude. The specific 
timing of floods in the AMSn series was determined from daily discharge data extracted from 
QDNRM online databases. 
Tropical cyclones impacting study catchments were determined through spatial analysis of 
cyclone track data sourced from The Australian Tropical Cyclone Database (BOM, 2016). The 
temporal daily data for Wet Tropics cyclones was also extracted from the same database. To 
determine which cyclones induced flooding, the daily discharge data associated with the AMSn 
series were then compared to daily cyclone data. Cyclone-induced floods were classified as those 
occurring within 4 days of a cyclone crossing through the region. Given the AMSn details the single 
largest flood in any year, cyclone-induced floods of lesser magnitude are excluded from this 
analysis. The link between the timing and frequency of cyclones crossing through the Wet Tropics 
and flooding of comparable magnitude to AMSn floods was also examined. The classification of 
cyclone-induced floods using this method was verified using published flood reports detailing the 
associated synoptic conditions sourced from the Bureau of Meteorology (available at 
http://www.bom.gov.au/qld/flood/fld_history/index.shtml).  
5.3.2 Developing a 400-year discharge reconstruction from coral proxies and comparisons 
with cyclone reconstructions 
To develop the discharge reconstruction, the established methodology of Lough (2007; 2011a) was 
followed with some modifications made to the selection of target variables used in the final 
reconstruction. The established reconstruction methodology involves three key steps: (i) 
compilation of historical discharge records, (ii) selection of appropriate coral luminescence proxy 
data and (iii) development of the predictive model to reconstruct discharge. These steps are 
summarised below with further detail provided in Appendix B. Following the reconstruction of 
river discharges, the temporal coincidence in the timing of decadal-scale periods of above and 
below average wet season flooding and cyclone activity was compared. 
 
117 
Compilation of historical discharge record  
Continuous discharge records that extend back prior to 1950 and therefore contain multiple cycles 
of ENSO are required for meaningful reconstructions (Evans and Allan, 1992; Ward et al., 2010). 
Within the study catchments, the discharge records from the North and South Johnstone Rivers are 
the only ones to fulfil this criterion. These two rivers have their confluence ~5 km upstream of the 
river mouth with annual discharge from the North Johnstone River consistently representing 70% of 
the total annual discharge. The North Johnstone River was selected as the target river for the 
reconstruction as is it represented the more reliable record (i.e. least missing data). Discharge data 
(monthly discharge volumes) were obtained from QDNRM streamflow databases and used to 
calculate the wet season total discharge volume (megalitres, ML) for period January to June (i.e. 
wet season discharge) as the target variable for reconstruction (cf. Lough 2007; Lough 2011a, [see 
Appendix B]). 
Selection of coral luminescence series  
Coral luminescence data were selected from the existing GBR coral archive detailed in Lough 
(2011a). This archive contains information on the coral cores sampled from a range of reefs 
throughout the GBR and includes the luminescence series derived from cores. Each coral core 
yields a single luminescence series. Coral cores were selected based on flood plume mapping of the 
North Johnstone River (Devlin and Brodie, 2005; Schroeder et al., 2012). This revealed cores 
sampled from the reefs of Normanby Island, Dunk Island, Coombe Island and Brook Island were 
likely influenced by North Johnstone River floods and therefore suitable for use in the 
reconstruction (Figure 5.1). These cores represent the period 1780–1984. Coral luminescence data 
for these cores were extracted from The National Oceanic and Atmospheric Administration 
Paleoclimatology Database (http://www.ncdc.noaa.gov/paleo/corals.html). In addition, a coral core 
from Havannah Island reef ~150 km to the south (Figure 5.1) was included due to its significantly 
longer time span (1639–1984) and results of preliminary correlation analyses, which showed its 
luminescence series was significantly correlated to those from more northern cores over the shared 
period of 1891–1984 (see Appendix B). Collectively, these luminescence data from five cores span 
the period of 1639–1987. Luminescence series detail the annual luminescence index, which is 
calculated as the difference between the wet season maximum luminescence and minimum 
luminescence of the preceding dry season (Lough, 2011b). 
Developing the luminescence-discharge predictive model  
The predictive model for the discharge reconstruction was developed in two steps. Initially, to 
determine which luminescence series were robust proxies of wet season discharge, the relationship 
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between each luminescence–discharge series pair was examined for the period 1940–1984 — the 
period common to all series. For all series pairs, correlation coefficients (r) were computed for this 
common period with significance defined at p < 0.05 using R statistical software Version 2.15.2. 
The stability of each relationship through time was examined by computing r-values and 
significance over the two sub periods of 1940–1962 and 1963–1984. This revealed that the four 
luminescence series from cores of the Normanby, Dunk, Coombe and Havannah Islands were 
robust proxies of discharge and were used to reconstruct wet season discharges for the North 
Johnstone River. 
The second step involved predicting wet season discharges using regression analysis. The 
regression model was determined using regression subset selection in R with the ‘leaps’ package 
(Lumley, 2015).  Regression subset selection is a process by which regression analysis is performed 
on all possible combinations of explanatory variables (i.e. luminescence series) and ranks the 
resultant regression models based on their coefficient of determination (R2). The best predictive 
models were then used to reconstruct wet season discharges. To highlight the important patterns in 
the discharge reconstruction, a 7-year averaging smoothing filter was applied, which aligns with 
ENSO cycle periodicities. The discharge reconstruction was compared to the cyclone reconstruction 
of Haig et al. (2014) and differences in decadal- and centennial-scale hydroclimatic patterns 
visually examined. 
5.4 Results 
5.4.1 Temporal coincidence between floods and cyclones 
Figure 5.2 shows the timing of floods and cyclones in the four study catchments where 16–31% of 
AMSn floods are induced by cyclones (Table 5.1). In all catchments, the largest (90th percentile) 
floods over the record period are typically caused by cyclones (Table 5.1). Of the 56 cyclones that 
crossed the Wet Tropics, 60% caused flooding of comparable magnitude to the AMSn flood in 
study catchments (Figure 5.2). Of the total number of cyclones, 15 originated from the west, 40% of 
which caused flooding in study rivers (Figure 5.2). These results indicate that in general, cyclones 
are an important cause of flooding across the region and, in particular, are often implicated in the 
largest floods. A cyclone impacting the region does not cause flooding in all catchments. A reduced 
incidence of cyclone-induced flooding is evident in the Liverpool catchment (Figure 5.2). 
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Figure 5.2. Time series plots showing the annual maximum flood series (AMSn) (blue line) for study rivers 
AMSn floods induced by cyclones are denoted (black circles) with the cyclone name or ‘TC’ where cyclones 
are unnamed. The solid horizontal line denotes AMSn flood series mean and the dashed line denotes the 90th 
percentile. Bottom pane shows the complete historical cyclone record for the Wet Tropics. Circles are 
coloured according to whether they induced flooding (red) (i.e. of comparable or lesser magnitude than 
AMSn flood) or no significant flooding (green) in study catchments. Cyclones that crossed from west to east 
are denoted with ‘w’.  
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Table 5.1. Details of the temporal coincidence between annual maximum floods (AMSn) and cyclones in 
study catchments. Note the discontinuous flood record in the Tully catchment as shown in Figure 5.2. 
 
North Johnstone 
River 
South Johnstone 
River 
Liverpool 
Creek 
Tully 
River 
Flood record length (years) 87 98 44 22 
AMSn floods induced by cyclones 21% 22% 16% 31% 
No. of floods in 90th percentile 11 11 5 2 
90th percentile floods induced by cyclones  67% 55% 60% 100% 
5.4.2 North Johnstone River discharge reconstruction: the last 400 years 
Figure 5.3 shows the reconstruction of annual wet season discharge (ML) from the North Johnstone 
River and provides the basis to examine changes in flood magnitude and frequency prior to the 
gauged period (1940–2015). For the period 1868–1984, the reconstruction is predicted by the Dunk 
Island and Coombe Island luminescence series (adjusted R2 = 0.35, p < 0.05). For the period 1639–
1868, the Havannah Island luminescence series is used noting a weaker but nonetheless significant 
relationship (adjusted R2 = 0.19, p < 0.05) (see Appendix B). While there is little difference between 
the mean of the reconstructed and gauged series, there are considerable changes in decadal scale 
cyclicity between above and below average wet season discharge prior to 1940 (Figure 5.3). A 
marked change occurs at ~1870 after which time a significant increase in amplitude and wavelength 
of the cyclicity occurs relative to pre-1870. Post-1870 wet season discharge conditions are 
maintained up until the present. The reconstructed series highlights several decadal-scale periods of 
increased wet season discharges between: 1875–1885, 1890–1910, 1945–1960 and 1975–1985. 
These are interpreted to represent times of more frequent high magnitude flooding. The 1890-1910 
period represents the wettest period within the reconstruction with the longest duration of high 
magnitude flooding. 
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Figure 5.3. Reconstructed wet season discharge (ML *105) for the North Johnstone River (blue line) with 7-
year smoothed series denoted by the thick black line. The gauged series (green line) and the mean of 
reconstructed and gauged series are also shown. Dashed vertical line denotes the onset of increased discharge 
variability at ~1870. Vertical grey shading denotes the decadal-scale wet periods with more frequent, high 
magnitude flooding.  
5.4.3 Comparisons of decadal- and centennial-scale variability in reconstructed floods and 
cyclones 
Figure 5.4 shows the reconstructions of North Johnstone River wet season discharges and Wet 
Tropics wet season cyclone activity, the latter modified from Haig et al. (2014). In study 
catchments, cyclones commonly cause flooding (see Section 5.4.1) and thus the cyclone activity 
record can provide an independent line of evidence of regional hydroclimatic conditions. From the 
comparison of these two proxy records, the significant difference in the timing of periods of 
maximum discharge and cyclone activity is evident. Consequently, the overall centennial-scale 
trends in the records also differ. The peak in wet season discharge occurs between 1870–1910 
(Figure 5.4A). This suggests a step-wise change towards larger and more variable wet season 
discharges after 1870. An increase in cyclone activity is apparent at 1870–1910 when discharges 
peaked, although this increase is relatively minor in the context of the record (Figure 5.4B). Much 
higher cyclone activity occurs between 1680–1750 with more than twice the activity compared to 
after 1870. The cyclone record suggests an overall decrease in seasonal cyclone activity after the 
peak with the lowest activity after 1870. The different timing of peak flooding (post-1870) and 
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cyclone activity (pre-1870) results in the two reconstructions indicating conflicting centennial-scale 
trends in hydroclimatic variability (Figure 5.4). 
Despite the discrepancy between cyclones and flooding at centennial scales, there is some 
alignment between particular peaks in both reconstructions. As noted above, peak discharges at 
~1900 correspond to an increase in cyclone activity. Additionally prior to 1870, two of the three 
highest wet season discharge peaks for the period 1639–1870 coincide with decades of maximum 
cyclone activity. 
 
Figure 5.4. A. Reconstructed wet season river discharge (ML) for the North Johnstone River with smoothed 
series (solid black line). B. Reconstructed tropical cyclone activity index (CAI) with smoothed series (solid 
black line) (modified from Haig et al., 2014). CAI indicates the total annual energy expended over the 
cyclone season. Grey shading denotes periods of increased discharge and increased cyclone activity. 
Centennial scale periods of increased/reduced flooding and cyclone activity are also noted. 
5.5 Discussion 
High-resolution, proxy records of climate such as corals and speleothems improve our 
understanding of the nature of past hydroclimate variability over decadal- and centennial-scales 
(Jones et al., 2009). This study sought to enhance our understanding of longer term Wet Tropics 
hydroclimate. The 400-year discharge reconstruction from coral luminescence presented provides 
the first high-resolution record of river discharges for this unique hydroclimatic region. In the 
following discussion some key limitations are outlined before focussing on the longer-term 
perspective of discharge regimes and the important role of cyclones in the Wet Tropics. 
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5.5.1 Current limitations for reconstructing river flows 
A key limitation in reconstructing Wet Tropics river discharges is the spatial bias of the existing 
inventory of coral cores towards the larger rivers in the GBR region (see Figure 1 in Lough 2011a). 
This is a common issue in palaeoclimate research where replication is desirable but difficult to 
achieve given the nature of proxy archives (Jones and Mann, 2004; Mann, 2007; Jones et al., 2009; 
Neukom and Gergis, 2012). The inclusion of the Havannah Island luminescence series in the 
discharge reconstruction is statistically supported as it is significantly correlated with the more 
northern luminescence series over the long term (1891–1984; see Appendix B). This indicates some 
consistency in flow regimes across the broader GBR region and thus represents an opportunity to 
draw some insight from other catchments adjacent to the Wet Tropics. Ultimately, over the longer 
term, the robustness of the reconstruction pre-1870 requires additional luminescence series from 
corals located closer to mouths of rivers in the Wet Tropics. 
Some discussion is also warranted on the comparisons made between the flood and cyclone 
reconstructions. The cyclone reconstruction is based on the cyclone activity index (CAI), which 
provides a measure of the total seasonal cyclone activity. The index describes cyclone activity in 
terms of the total seasonal energy output as measured by wind speed and so can not differentiate 
between individual cyclones or associated rainfall. While it is reasonable to presume that seasons 
with higher CAI values would also exhibit large floods, this assumption as yet remains untested. 
The cyclone reconstruction also incorporates cyclones originated from the Gulf of Carpentaria, 
some of which may not have affected Wet Tropics catchments. 
5.5.2 New insights on discharge variability in the Wet Tropics: decadal and centennial-scale 
patterns 
The North Johnstone river discharge reconstruction highlights two major decadal-scale wet periods 
between 1875 and 1910 not previously documented for the Wet Tropics. These are key periods as 
they represent times of the highest river discharges recorded by the coral luminescence record and 
suggest that these were fluvially more active periods relative to present conditions. Additionally, the 
wet period at 1890–1910 is not well reflected in the existing GBR regional rainfall/river flow 
reconstructions (Lough, 2011a). Given the GBR region spans a wide range in hydroclimates (Figure 
5.1), it is not surprising there are differences in the magnitude and timing of wet periods. However, 
it serves to reinforce the necessity of developing relevant reconstructions to reflect these different 
hydroclimatic regions. This is particularly important for establishing the context to understand 
drivers of fluvial geomorphic change. 
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A key centennial-scale feature in the North Johnstone reconstructions is the marked increase 
in discharge variability after 1880 relative to the previous ~250 years. A similar step-like increase 
in hydroclimatic variability during the 1900s is also apparent in reconstructions for the broader 
GBR region (Hendy et al., 2003; Lough, 2007; Lough, 2011a). The most recent reconstruction of 
Lough (2011a) has increased the certainty of this climatic change by using three replicate coral 
cores. This increase in hydroclimatic variability is seen as important because it suggests a 
significant change in tropical climate around this time (Lough, 2011a). However, the existence of 
such a major climatic change in the Wet Tropics remains questionable. Reduced North Johnstone 
River wet season discharges are a feature of the pre-1870 period, but this feature is solely reliant on 
the Havannah Island luminescence series, which is unlikely to directly capture the specific flooding 
regime of Wet Tropics rivers (as stated above). For pre-1870, the cyclone reconstruction, which is 
specific to the Wet Tropics (Haig et al., 2014), is considered to be the more reliable proxy of 
hydroclimate. The underpinning Chillagoe speleothem indicates several periods of very high 
cyclone activity, which is expected to have resulted in very large floods in the Wet Tropics. 
Therefore, the reduced wet season discharges thought to characterise the whole GBR region pre-
1870 as reported by Lough (2011a) may not be a feature of the Wet Tropics hydroclimate. 
The greatest cyclone activity over the past 700 years occurred prior to 1870 and specifically 
during the three periods: 1680–1700, 1730–1750 and 1780–1820. Importantly, seasonal cyclone 
activity during these periods was approximately twice that occurring after 1870. These periods are 
inferred to have caused the increased frequency and magnitude of flooding in the Wet Tropics and 
potentially the largest floods during the last 700 years. It is likely these periods indicate times of 
increased ENSO variability as is suggested by GBR coral proxies (Hendy et al., 2003). If such 
floods did occur in GBR catchments south of the Wet Tropics, they were relatively insignificant as 
indicated by the Havannah luminescence series. Such disparate river regimes within GBR 
catchments would be expected given the spatially variable influence of the IPO over this zone 
(Micesvski et al., 2006). The likelihood of very large floods prior to 1870 in the Wet Tropics as 
suggested by the cyclone record has major implications for existing understanding of hydroclimatic 
change. For example, rather than the whole of northeast Australia experiencing overall lower river 
discharge variability pre-1870, and maximum river discharge variability post-1870, as suggested by 
Lough (2011a), the opposite appears to be case in the Wet Tropics. 
5.6 Conclusion 
The North Johnstone discharge reconstruction has highlighted the likely existence of 
multiple decadal-scale wet periods over the last 150 years that are linked to increased cyclone 
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activity. Prior to 1870, the North Johnstone discharge reconstruction is considered less reliable than 
the cyclone reconstruction of Haig et al. (2014) owing to the limited number and spatial distribution 
of coral luminescence proxies for this period. This remains a key limitation to reconstructing river 
floods from coral records in the Wet Tropics. During the period 1680–1820, the cyclone 
reconstruction indicates the highest cyclone activity occurred within the past 700 years and is 
inferred to be associated with large floods. Such changes in hydroclimatic conditions are most 
likely the result of changes in the intensity of ENSO cycles.  Further research to confirm such 
distinct changes in Wet Tropics climate in the coral record would expand our understanding of the 
nature of tropical climatic change. The development and comparative analysis of long-term proxy 
records of hydroclimate in this study provides key new insights into the patterns of flood variability 
influencing floodplain formation in the Wet Tropics. 
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Chapter 6: How did rivers in the Wet Tropics (NE 
Queensland, Australia) respond to climate changes over the 
past 30,000 years? 
________________________________________________________________________________ 
6.1 Introduction   
The humid tropics lie between the Equator and 25o latitude in both the Northern and Southern 
Hemisphere where precipitation exceeds evaporation for long periods of the year (Wohl et al., 
2012). Climate change impacts due to both long-term changes in global circulation patterns and 
more recent land-cover disturbances directly effects precipitation in these regions. The tropics in 
Australia comprise two distinctly different climatic zones, the dry tropics, which is characterised by 
strong rainfall seasonality, and the humid, or wet tropics which experiences no distinct dry season 
(Figure 6.1).  The wet tropics lie in the northeast of Queensland and are one of the highest rainfall 
producing areas in Australia.  Palaeoenvironmental proxies in this region have produced the 
continent’s most detailed records of Quaternary climate change (Kershaw, 1976; Kershaw, 1978; 
Kershaw and Nanson, 1993; Turney et al., 2004; Haberle, 2005; Turney et al., 2006; Moss and 
Kershaw, 2007; Tibby and Haberle, 2007) and are used to underpin global circulation model 
predictions.  Notably, interpretations of changes in rainfall and vegetation have been used to infer a 
~60 % reduction in rainfall relative to the present during the glacial period after 45 ka (Kershaw, 
1978). Changes in both the frequency and intensity of tropical cyclones (Haig et al., 2014) and late 
Holocene river discharges (Lough et al., 2014) also point to considerable climatic variability 
throughout the region.  A key question, therefore, is how such changes in discharge and associated 
sediment supply were reflected in the nature and timing of catchment and river response? 
Based on previous research, three periods of landscape response to late Quaternary climate 
and vegetation change have been recognised in the region: firstly, high energy fluvial conditions 
and slope instability during 64–28 ka lead to the aggradation of coarse-grained alluvial fans and 
landslide deposits; secondly, reduced fluvial activity during 28–14 ka are thought to have resulted 
in the vertical accretion of sediments and fan formation; and thirdly, the recovery of rainforest and 
the development of more variable Holocene climate post 14 ka caused valley floor incision 
(Thomas et al., 2007).  Two major terrace surfaces spanning the last ~30 ka have been identified in 
major catchments extending from the Daintree River in the north to the Tully River in the south 
(Hughes et al., 2015; Leonard and Nott 2015b). This data is not widely incorporated into 
continental scale compilations of palaeoclimate change in tropical Australia (Reeves et al., 2013) 
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and hence the significance of these interpretations have not been fully integrated into current 
understanding of landscape response to both changes in precipitation and vegetation during the 
Quaternary period.  
The opportunity now exists to systematically compare the timing and nature of fluvial 
response with documented changes in late Quaternary palaeoenvironmental regimes in the wet 
tropics of Australia. The dataset also permits commentary on how these changes align with records 
of fluvial activity throughout eastern and central Australia.  Under the paradigm of a progressively 
drying continent over past glacial/interglacial cycles (Nanson et al., 1992), it remains unclear if the 
wet tropics region operated as a local refuge, at times wet and tropical but at others, dry and cool. A 
comparison between the wet tropics record and that from elsewhere in Australia provides key 
insights into the synchronicity or otherwise of any fluvial response to climate change.  The major 
objectives of this study, therefore, are (a) to compare the nature and timing of terrace aggradation 
and incision with documented changes in the palaeoenvironmental proxy record for the Australian 
wet tropics and (b) to compare the timing of fluvial response in the wet tropics with that 
documented elsewhere throughout south-eastern Australia.  
6.2 Study area 
The Wet Tropics region in northeastern Australia spans 12 catchments (total area ~22 000 km2) 
(Figure 6.1). This study focuses on alluvial sequences within the partly confined valleys of four 
major catchments (the North Johnstone River, South Johnstone River, Tully River and Liverpool 
Creek) (Figure 6.1). A detailed description of the Wet Tropics region and selected study catchments 
is provided in Chapter 1, Section 1.6. 
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Figure 6.1. Map of Wet Tropics region showing major Köppen climatic classes (modified from Peel et al., 
2007), major rivers and catchment boundaries. Inset boxes denote study reaches in selected catchments. 
Numbered grey circles denote palaeoenvironmental proxy sites referred to in this study (refer to Table 6.1 
for proxy record details): 1 – ODP820 pollen site; 2 – Mulgrave river estuary pollen site; 3 – Lake Euramoo 
pollen and sediment sites; 4 – Lake Barrine pollen and sediment sites; 5 – Lynch’s Crater pollen, sediment 
and peat sites; 6 – Cowley Beach beach ridge site; 7 – Rockingham Bay beach ridge site; 8 – Queensland 
Trough marine sediment sites; 9 – Magnetic Island coral site; 10 – ENSO compilation sites; 11 – key Great 
Barrier Reef sea level sites. Locations of alluvial sites are detailed in Thomas et al. (2007) and Leonard and 
Nott (2015a). 
6.2.1 Climate and vegetation 
The unique wet tropical climate is characterised by very high annual rainfall and a lack of a distinct 
dry season, which contrasts to the seasonal tropical and subtropical areas along the western fringes 
of Wet Tropics catchments (Figure 6.1).  Average annual rainfall in the Wet Tropics varies from 
1700–3000 mm on the coastal plain, to 5000–7600 mm on the higher ranges (Figure 6.2A). The 
Wet Tropics is dominated by rainforest with subdominant sclerophyll open forests and woodlands 
in drier locations (Neldner et al., 2014) (Figure 6.2B). The dynamic nature of changes in rainforest 
and woodland extent throughout the late Quaternary is well documented, with rainforest retreating 
to refugia during drier times and expanding during wetter times (Kershaw, 1978; Hopkins et al., 
1990; Moss and Kershaw, 2000; Haberle, 2005; Hilbert et al., 2007). These dynamics were possibly 
also influenced by Aboriginal burning practices (Kershaw, 1986; Haberle, 2005). Modelling of 
vegetation dynamics reveals minimum rainforest extent occurred during the Last Glacial Maximum 
(LGM) (18–21 ka) with refugia restricted to the highest peaks and ranges and some coastal valleys 
(Figure 6.2B) (Hilbert et al., 2007). Maximum rainforest extents occurred during the Pleistocene-
Holocene transition (PHT) (18–12 ka), when rainforest became relatively continuous across the Wet 
Tropics (Hilbert et al., 2007) (Figure 6.2B). 
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Figure 6.2. A. Wet Tropics mean annual rainfall (mm). B. Major preclearing vegetation types (modified from 
(Neldner et al., 2014) with inset showing rainforest extent during the LGM (light green) and PHT (dark 
green; includes LGM area) (modified from Hilbert et al., 2007). Selected study catchment boundaries are 
shown. 
6.2.2 Fluvial geomorphology 
All Wet Tropics rivers have their headwaters in the Great Dividing Range where channels are 
mostly confined and flow through bedrock gorges. Downstream of confined reaches, valley floors 
widen but typically remain less than 1.5 km wide (Chapter 1, Section 1.6.4). Channels are partly 
confined by bedrock hills, confining terraces and fans, the latter being widely distributed throughout 
the region (Nott et al., 2001; Thomas et al., 2007). Previous studies indicate that fan morphology in 
the region can be broadly categorised into fine-grained fans (including debris flows) and coarse-
grained landslide deposits (Nott et al., 2001; Thomas et al., 2007). Fine-grained fan deposits 
typically show low-angle (<2o) surfaces and sediments dominated by coarse sand and gravel (often 
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within a fine-grained matrix) close to hillslopes extending between 200 m to 5 km from valley 
sides. Landslide deposits show steep ramp-like surfaces (debris fans) below large hillslope scars 
and predominantly comprise gravel and boulder sediments (Nott et al., 2001; Thomas et al., 2007). 
Fan sediments are commonly interbedded with alluvial deposits (Murtha, 1986; Murtha, 1989; 
Cannon et al., 1992; Murtha et al., 1996; Thomas et al., 2007) and are considered a dominant source 
of sediment for terrace aggradation (Hughes et al., 2015). 
Terraces include unpaired terraces, which are most common in the partly confined reaches, 
and are characterised by highly dissected surfaces due to the development of gully networks from 
hillslope runoff processes (Hughes et al., 2015). Paired terraces are often found to be directly on-
lapping colluvial deposits, and the disconnected terraces appear as isolated ‘mesa’ forms indicating 
erosion processes from both the terrace front and valley side margins (Hughes et al., 2015). The 
floodplain is the lowest alluvial surface and forms a relatively narrow (0.05–1 km), discontinuous 
feature inset within the remnant terraces. 
6.3 Methods  
6.3.1 Terrace and floodplain mapping 
Full details of the methods used to map terrace extents are provided in Chapter 2, Section 2.3.1. In 
summary, terraces were identified as a flat, elevated surface separated by a distinct break in slope 
(>20o) from lower terraces or the floodplain. Terrace perimeters were digitised from a 1-m digital 
elevation model (DEM) derived from Light Detection and Ranging (LiDAR) data and associated 
slope and hillshade grids. Mapped terraces were later validated in the field. Floodplains were 
delineated as the lowest alluvial surface bound by terrace scarps or valley sides. 
6.3.2 Sedimentology and stratigraphy  
Terrace and floodplain sediments were extracted using a Geoprobe 6610DT drill rig to depths 
determined by either the presence of impenetrable clays and bedrock or saturated sands and gravel. 
Sediment cores were logged for texture, Munsell colour, mottling, mineral segregations, organic 
matter, dominant grain size and the nature of unit boundaries and used to delineate the major 
sedimentary units. Non-fluvial regolith sediments were interpreted from features indicative of 
extensive weathering such as clay induration, kaolinisation and ferruginisation (Ollier and Pain, 
1996; Pain, 2008). Particle size analysis of selected sedimentary units was conducted as per 
methods detailed in Chapter 2, Section 2.3.1. Sediment calibre, stratigraphic position and pedogenic 
features were used to infer fluvial depositional environments. Cross sectional stratigraphy was 
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compiled from core and exposure logs and overlain onto cross-valley profiles derived from the 
LiDAR DEM. 
6.3.3 Alluvial dating 
To bracket the time frames of alluvial aggradation and incision, sediment samples were extracted 
from basal and near-surface fluvial sediments for dating using optically stimulated luminescence 
(OSL) techniques. Dating of basal terrace or floodplain sediments is used to constrain the onset of 
alluvial aggradation. Near-surface sediments represent minimum abandonment ages. When the 
minimum abandonment age is combined with the basal ages from a lower terrace or floodplain, the 
period of terrace removal can be constrained. The methods of sampling, laboratory procedures and 
age determination are detailed in Section 2.3.1 in Chapter 2. The timing of regional fluvial activity 
is illustrated using summed probability density functions (SPDF) as detailed in Chapter 4, Section 
4.3.3.  
6.3.4 A revised inventory of palaeoenvironmental proxy data 
The palaeoenvironmental record for tropical Australasia was recently reviewed by Reeves et al. 
(2013) with a focus on representative proxy records from this broader region.  Many records 
specific to the Australian wet tropics were not reviewed in detail so proxy data from 18 studies 
specific to this region are used to compile the database used in this study (Table 6.1). Site locations 
include four upland lake and crater sites near Atherton, numerous marine sites located throughout 
the Great Barrier Reef (GBR) and Queensland Trough (east of the outer GBR) and two coastal 
beach ridge sites between Innisfail and Tully (Figure 6.1). In addition, the chronostratigraphic data 
from alluvial deposits in the wet tropics as reported in this study (n=32) and previous studies (n=47) 
were also compiled to compare the timing of valley sedimentation across the region. Previously 
reported alluvial ages were derived using an array of methods (radiocarbon [14C], 
thermoluminescence [TL] and OSL) and sample locations and the nature of sampled sedimentary 
units (i.e. fans or river terraces) for these sites were extracted from the original papers (Nott et al., 
2001; Thomas et al., 2007; Leonard and Nott, 2015a; Leonard and Nott, 2015b). To present the data 
across a common timescale, chronologies were calibrated to 1950, with dates referred to ‘ka’. 
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Table 6.1. Details of Wet Tropics palaeoenvironmental proxy records compiled for this study. Refer to 
Figure 6.1 for site locations. 
Site Location Record type Proxy Reference
1 ODP820 site, GBR Pollen Vegetation Moss and Kershaw 
(2007) 
2 Mulgrave River Pollen Vegetation Crowley and Gagan 
(1995) 
3 Lake Euramoo Diatom, lake 
sediments 
Rainfall Tibby and Haberle 
(2007) 
  Pollen Vegetation Haberle (2005)
4 Lake Barrine Lake sediments, 
pollen  
Rainfall, 
vegetation 
Walker (2007); Walker 
(2011) 
5 Lynch’s Crater Geochemistry Rainfall (erosion), 
rapid climatic 
changes 
Muller et al. (2008a); 
Muller et al. (2008b) 
  Pollen, peat Vegetation, ENSO Turney et al. (2001); 
Turney et al. (2004) 
6 Cowley Beach  Beach ridge 
sediments 
Major cyclone Nott et al. (2009); 
Forsyth et al. (2010) 
7 Rockingham Bay Beach ridge 
sediments 
Major cyclone Forsyth et al. (2010)
8 Queensland Trough,  
Coral Sea 
Marine 
sediments 
Terrestrial 
sediment flux 
Dunbar and Dickens 
(2003) 
9 Magnetic Island Coral 
luminescence 
ENSO Lough et al. (2014)
10 Quincan Crater, Lake 
Euramoo, Whitsunday Island 
Multiple proxy 
record 
ENSO Donders et al. (2007); 
Donders et al. 2008) 
11 Multiple north Queensland and 
Australasian sites  
Multiple proxy 
record 
Sea level Lewis et al. (2013)
multiple 
sites 
Daintree R, Mossman R, 
Wangetti, Barron R, 
Freshwater Ck, Mulgrave R, 
Russell R, Liverpool Ck, 
Mowbray R 
Colluvial, 
alluvial 
sediments 
Hillslope and 
fluvial 
sedimentation 
Nott et al. (2001); 
Thomas et al. (2007), 
Leonard and Nott 
(2015a); Leonard and 
Nott (2015b) 
6.4 Results  
6.4.1 Characteristics of alluvial valley fill  
Representative cross sections of the major valley fill units for the North Johnstone, South 
Johnstone, Liverpool and Tully River catchments are illustrated in Figures 6.3 and 6.4. Detailed 
sedimentology for terraces and floodplains is provided in Chapters 2 and 4 with a summary 
provided here. Basal material from upper (T1) and lower (T2) terraces consists of either: (i) highly 
weathered, cohesive clays interpreted as regolith colluvium, or (ii) gravels and pebbles interpreted 
as channel deposits (Figures 6.3, 6.4).  Lying unconformably above this material is a finer-grained 
unit (3–10 m thick) dominated by silt (Figures 6.3, 6.4). No internal erosional unconformities or 
major differences in sediment characteristics (i.e. colour, pedogenic features) are observed within 
 
134 
this finer-grained unit (Figure 6.3). This fine-grained silt and clay material is interpreted as 
overbank vertical accretion deposits. 
Floodplain cores across all sampled sites reveal sediments that are stratigraphically more 
variable than terrace sediments. A consistent feature of floodplain sediments is the presence of basal 
coarse sand and gravels (>1–3 m thick) (Figures 6.3, 6.4) that are clearly-bound from the above 
finer-grained sediments (3–9 m thick), which comprise alternating, clearly-bound units of silt and 
sand (Figures 6.3, 6.4). Silty units commonly contain pedogenic features (e.g. mottling, ped 
structure, mineral segregations), which are inferred to indicate periods of stability of the floodplain 
surface. All floodplains have a surface capping of silty alluvium. 
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Figure 6.3. Representative chronostratigraphic cross sections of valley fill units in the North Johnstone and 
South Johnstone catchments. Samples for which an OSL age could not be derived are denoted by ‘na’. 
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Figure 6.4. Representative chronostratigraphic cross sections of valley fill units in the Liverpool and Tully 
catchments. Samples for which an OSL age could not be derived are denoted by ‘na’. 
6.4.2 Phases of alluvial aggradation and incision 
Statistically meaningful OSL ages could not be derived for nine of the 41 samples analysed, the 
majority of which came from fluvial units in the North and South Johnstone River catchments 
(Table 6.2). Geologically, these catchments are dominated by basalt that may yield insufficient 
quantities of quartz grains for OSL dating. From the resultant OSL chronology, five episodes of 
alluvial aggradation and incision are identified for the study catchments (Figure 6.6).  
While constraining the onset of T1 terrace aggradation proved problematic, an OSL age of 
19.5 ka obtained from the underlying colluvial sediments in the Tully River (Figure 6.4) suggests 
the onset of fluvial aggradation in this catchment post-dates ~20 ka (Figure 6.6). A mean age of ~13 
ka derived from T1 near–surface sediments in North Johnstone (Figure 6.3) and Liverpool 
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catchments (Figure 6.4) represents a minimum terrace abandonment age that constrain the latter 
part of this aggradational period (Figure 6.6).  
The abandonment age of the T1 terraces and mean basal ages of the T2 terraces (Figure 6.3), 
infer an incisional episode at ~13–8 ka that resulted in lateral reworking of older alluvial units and 
limited sediment preservation (Figure 6.6). Similar abandonment ages of the T1 terraces in the 
North Johnstone (Figure 6.3) and Liverpool catchments (Figure 6.4) suggest that incision was 
relatively synchronous across these catchments but that the subsequent lateral removal of terrace 
alluvium varied between catchments (Hughes et al., 2015) (Figure 6.6). Mean basal and near–
surface ages of T2 terraces in the North Johnstone, South Johnstone and Tully catchments (Figure 
6.3, 6.4) indicate a second period of fine–grained alluvial aggradation between ~8–5ka (Figure 6.6). 
A basal coarse gravel unit is observed underlying the T2 terrace in the North Johnstone (Figure 6.3) 
but did not contain sufficient sand for dating. Similar abandonment ages of the T2 terraces in the 
South Johnstone and Tully catchments (Figures 6.3) indicate relatively synchronous incision of this 
terrace in these catchments (Figure 6.6). The oldest basal floodplain ages, which range from ~1–1.5 
ka across the North Johnstone, South Johnstone, and Tully catchments (Figure 6.3) give a mean 
basal age of ~1 ka, suggest T2 incision had ceased prior to this (Figure 6.6). The floodplain ages 
indicate their formation (and reworking) occurred post ~1 ka and the nature of basal and near-
surface sediments imply multiple cycles of aggradation and removal (Figure 6.6). 
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Figure 6.5. Timing of alluvial aggradation and incision as indicated by SPDF based on OSL ages of 
overbank sediments from A. terraces and floodplain (n=32). B. SPDF expanded for the last 2 kyr to show the 
timing of floodplain development using OSL ages from this study (n=15) and Leonard and Nott (2015a, 
2015b). Data points are shaded according to whether they derive from near-surface (white) or basal (black) 
overbank sediments. 
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Figure 6.6. Conceptual model detailing episodes of alluvial aggradation and incision in Wet Tropics 
catchments over the last ~20 kyr. Estimates of terrace preservation are based on data reported in Table 2.4 
(Chapter 2, Section 2.4.2). 
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Table 6.2. OSL sample details, radionuclide concentrations and ages (2 sigma errors). NJ – North Johnstone, SJ – South Johnstone; LP – Liverpool, TL – Tully. All 
radionuclide values are in Bq kg–1. ‘n/a’ indicates where an OSL age could not be returned. For corresponding radial plots, see Appendix A. 
Catchment ID Deposit 
type 
Latitude Longitude Depth 
(m) 
238U 226Ra 210Pb 210Pbex 228Ra 228Th 40K Dose rate 
total 
(Gy/ka) 
De (Gy) Age (ka) 
NJ N1 Overbank –17.542453 145.943582 1.3 54 ± 8 53 ± 5 43 ± 9 –10 ± 10 73 ± 5 71 ± 4 325 ± 24 3.09 ± 0.28 44.4 ± 2.8 14.4 ± 1.6 
NJ N1 Overbank –17.542453 145.943582 6.0 49 ± 12 27 ± 2 29 ± 8 3 ± 8 50 ± 4 53 ± 3 362 ± 21 2.32 ± 0.20 n/a n/a 
NJ N1 Overbank –17.542453 145.943582 9.0 59 ± 6 47 ± 5 44 ± 9 –3 ± 10 32 ± 3 60 ± 4 384 ± 27 2.59 ± 0.23 n/a n/a 
NJ N2 Overbank –17.543837 145.944061 1.3 60 ± 10 46 ± 4 48 ± 10 2 ± 11 59 ± 5 59 ± 3 466 ± 21 3.08 ± 0.27 n/a n/a 
NJ N2 Overbank –17.543837 145.944061 2.5 60 ± 15 44 ± 5 76 ± 22 32 ± 22 66 ± 8 59 ± 5 563 ± 44 3.85 ± 0.37 n/a n/a 
NJ N2 Overbank –17.543837 145.944061 6.5 59 ± 8 51 ± 5 63 ± 12 11 ± 13 64 ± 5 63 ± 4 164 ± 15 2.31 ± 0.24 n/a n/a 
NJ N3 Overbank –17.527676 145.962245 1.3 77 ± 17 56 ± 6 69 ± 1 13 ± 6 68 ± 9 74 ± 5 711 ± 52 4.03 ± 0.34 4.93 ± 0.40 1.22 ± 0.14 
NJ N3 Overbank –17.527676 145.962245 5.0 43 ± 8 36 ± 3 41 ± 9 4 ± 9 52 ± 5 56 ± 3 633 ± 27 3.36 ± 0.27 26.0 ± 1.1 7.75 ± 0.71 
NJ N4 Overbank –17.527181 145.974046 1.5 44 ± 7 37 ± 3 39 ± 8 2 ± 8 50 ± 5 53 ± 3 596 ± 24 3.33 ± 0.27 3.35 ± 0.60 1.01 ± 0.20 
NJ N4 Overbank –17.527181 145.974046 6.5 58 ± 16 50 ± 5 55 ± 18 4 ± 19 75 ± 8 68 ± 4 677 ± 48 3.53 ± 0.30 3.32 ± 0.23 0.94 ± 0.10 
NJ N5 Overbank –17.536661 145.947792 1.4 36 ± 6 41 ± 4 39 ± 8 –2 ± 9 52 ± 5 50 ± 3 683 ± 46 3.40 ± 0.26 1.02 ± 0.13 0.30 ± 0.05 
NJ N5 Overbank –17.536661 145.947792 3.0 36 ± 12 27 ± 3 34 ± 9 8 ± 10 46 ± 5 52 ± 3 536 ± 25 3.19 ± 0.26 1.47 ± 0.10 0.46 ± 0.05 
SJ S1 Overbank –17.59422 146.004306 1.3 54 ± 11 45 ± 4 51 ± 11 6 ± 12 119 ± 8 124 ± 5 710 ± 28 5.20 ± 0.45 27.5 ± 0.8 5.29 ± 0.49 
SJ S1 Overbank –17.59422 146.004306 4.4 51 ± 10 44 ± 4 39 ± 8 –5 ± 9 37 ± 4 74 ± 4 843 ± 57 4.14 ± 0.33 29.2 ± 0.9 7.06 ± 0.60 
SJ S2 Overbank –17.586647 146.014581 1.0 83 ± 12 84 ± 8 92 ± 18 8 ± 20 94 ± 9 96 ± 6 550 ± 41 4.17 ± 0.44 n/a n/a 
SJ S2 Overbank –17.586647 146.014581 2.5 82 ± 12 83 ± 8 89 ± 14 6 ± 17 102 ± 8 99 ± 6 228 ± 20 3.35 ± 0.35 23.9 ± 1.6 7.15 ± 0.89 
SJ S3 Overbank –17.5851 146.020582 1.8 67 ± 7 55 ± 5 48 ± 9 –7 ± 10 96 ± 8 83 ± 4 775 ± 42 4.37 ± 0.36 n/a n/a 
SJ S3 Overbank –17.5851 146.020582 3.5 59 ± 8 47 ± 4 61 ± 9 15 ± 10 78 ± 5 86 ± 4 614 ± 28 4.25 ± 0.38 32.9 ± 3.0 7.75 ± 1.00 
SJ S3 Overbank –17.5851 146.020582 4.5 106 ± 20 86 ± 8 83 ± 12 –3 ± 15 119 ± 10 117 ± 7 443 ± 31 4.38 ± 0.43 33.3 ± 3.5 7.59 ± 1.09 
SJ S4 Overbank –17.587193 146.019026 1.5 77 ± 11 59 ± 6 72 ± 13 13 ± 14 92 ± 8 91 ± 5 737 ± 50 4.66 ± 0.40 0.87 ± 0.04 0.19 ± 0.02 
SJ S4 Overbank –17.587193 146.019026 5.5 51 ± 10 43 ± 5 45 ± 10 2 ± 11 75 ± 7 67 ± 5 768 ± 54 3.33 ± 0.27 3.69 ± 0.40 1.11 ± 0.15 
SJ S4 Channel –17.587193 146.019026 6.0 24 ± 5 15 ± 2 19 ± 7 5 ± 7 24 ± 3 21 ± 2 88 ± 4 0.90 ± 0.08 2.97 ± 0.31 3.28 ± 0.46 
SJ S5 Overbank –17.596838 146.003814 1.0 40 ± 8 38 ± 3 34 ± 9 –4 ± 10 90 ± 7 91 ± 4 750 ± 32 4.55 ± 0.37 0.36 ± 0.03 0.08 ± 0.01 
SJ S5 Overbank –17.596838 146.003814 6.2 75 ± 18 50 ± 5 45 ± 13 –5 ± 14 258 ± 16 247 ±10 435 ± 26 5.73 ± 0.58 1.86 ± 0.16 0.33 ± 0.05 
SJ S6 Overbank –17.594257 146.005965 2.0 77 ± 10 67 ± 7 54 ± 10 –13 ± 12 41 ± 4 84 ± 5 666 ± 45 3.52 ± 0.30 1.28 ± 0.10 0.37 ± 0.04 
SJ S6 Overbank –17.594257 146.005965 5.5 26 ± 7 13 ± 2 27 ± 7 15 ± 8 25 ± 3 26 ± 2 703 ± 49 3.26 ± 0.25 1.52 ± 0.14 0.47 ± 0.06 
SJ S9 Overbank –17.589148 146.013192 1.7 31 ± 7 19 ± 3 44 ± 10 25 ± 10 44 ± 4 39 ± 2 776 ± 37 4.09 ± 0.32 1.10 ± 0.15 0.27 ± 0.04 
SJ S9 Overbank –17.589148 146.013192 4.2 55 ± 9 47 ± 5 58 ± 10 11 ± 11 39 ± 4 78 ± 5 768 ± 53 3.22 ± 0.26 0.99 ± 0.08 0.31 ± 0.04 
SJ S9 Channel –17.589148 146.013192 4.8 13 ± 6 17 ± 2 25 ± 7 8 ± 7 13 ± 6 23 ± 2 675 ± 47 2.61 ± 0.19 3.11 ± 0.42 1.19 ± 0.18 
LP L1 Overbank –17.719746 145.933644 2.2 60 ± 14 39 ± 4 47 ± 13 8 ± 13 62 ± 6 64 ± 4 846 ± 60 4.66 ± 0.39 64.0 ± 9.5 13.7 ± 2.3 
LP L1 Channel –17.719746 145.933644 4.2 50 ± 15 34 ± 3 39 ± 10 5 ±11 61 ± 5 52 ± 3 831 ± 37 3.67 ± 0.27 45.9 ± 7.0 12.5 ± 2.1 
LP L2 Overbank –17.719746 145.933644 2.5 61 ± 15 32 ± 3 46 ± 11 14 ± 12 53 ± 6 49 ± 3 746 ± 53 3.96 ± 0.33 51.2 ± 7.6 12.9 ± 2.2 
LP L2 Overbank –17.719746 145.933644 7.5 55 ± 10 44 ± 4 46 ± 9 2 ± 10 63 ± 5 58 ± 4 438 ± 26 3.10 ± 0.27 n/a n/a 
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Catchment ID Deposit 
type 
Latitude Longitude Depth 
(m) 
238U 226Ra 210Pb 210Pbex 228Ra 228Th 40K Dose rate 
total 
(Gy/ka) 
De (Gy) Age (ka) 
LP L3 Overbank –17.724098 145.939767 1.0 32 ± 10 22 ± 3 51 ± 15 29 ± 7 42 ± 6 38 ± 3 772 ± 55 4.04 ± 0.33 2.41 ± 0.18 0.60 ± 0.07 
LP L3 Channel –17.724098 145.939767 6.3 21 ± 6 15 ± 2 24 ± 7 10 ± 7 25 ± 3 21 ± 2 836 ± 35 3.11 ± 0.21 n/a n/a 
TL Tu1 Overbank –17.898668 145.77591 1.3 89 ± 11 76 ± 6 70 ± 11 –5 ± 13 112 ± 7 115 ± 5 734 ± 30 4.95 ± 0.43 22.2 ± 1.37 4.48 ± 0.48 
TL Tu1 Colluvium –17.898668 145.77591 5.2 32 ± 7 27 ± 2 34 ± 7 7 ± 8 48 ± 3 48 ± 2 508 ± 21 2.81 ± 0.22 54.8 ± 6.4 19.5 ± 2.8 
TL Tu2 Overbank –17.901136 145.774613 1.5 99 ± 12 83 ± 7 80 ± 13 –3 ± 15 116 ± 8 108 ± 5 811 ± 40 5.16 ± 0.45 6.99 ± 0.17 1.36 ± 0.12 
TL Tu2 Overbank –17.901136 145.774613 5.5 25 ± 7 24 ± 2 31 ± 5 7 ± 6 39 ± 3 32 ± 2 675 ± 27 3.26 ± 0.25 5.07 ± 0.19 1.56 ± 0.13 
TL Tu3 Overbank –17.888206 145.767963 0.7 70 ± 11 63 ± 5 65 ± 11 –5 ± 11 76 ± 5 75 ± 3 812 ± 32 4.67 ± 0.38 0.52 ± 0.09 0.11 ± 0.02 
TL Tu3 Channel –17.888206 145.767963 4.8 32 ± 8 30 ± 3 34 ± 7 4 ± 8 33 ± 3 34 ± 2 462 ± 24 2.33 ± 0.18 3.40 ± 0.08 1.46 ± 0.12 
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6.4.3 A revised compilation of Wet Tropics palaeoenvironmental proxy data 
The compilation of palaeoenvironmental proxy data presented here is, to date, the first attempt to 
comprehensively align all available proxy records for the Australian wet tropics. These data detail 
changes in rainfall (Turney et al., 2001; Turney et al., 2004; Tibby and Haberle, 2007; Walker, 
2007; Muller et al., 2008a), vegetation cover (Turney et al., 2001; Haberle, 2005; Moss and 
Kershaw, 2007; Walker, 2007), sea level (Lewis et al., 2013), terrigenous sedimentation rates in 
marine settings (Dunbar and Dickens, 2003), amplitude of the El Niño Southern Oscillation 
(ENSO) (Turney et al., 2004; Donders et al., 2007), cyclone activity (Nott et al., 2009; Forsyth et 
al., 2010), rapid climatic change (RCC) events (Muller et al., 2008b), and periods of alluvial 
deposition (Nott et al., 2001; Thomas et al. 2007; Leonard and Nott, 2015a; Leonard and Nott, 
2015b) over the last 30 kyr (Figure 6.7). Interpretations of climatic variability are restricted to those 
presented by the authors and illustrated schematically here using a simple wet/dry classification of 
relative climate variability. Using this data, broad phases of environmental change are inferred for 
the following time periods: 30–13 ka, 13–8 ka, 8–5 ka, and 5–1 ka. 
Time period 30–13 ka 
Between 30–13 ka, temperatures were ~1oC cooler in the Coral Sea and the dominance of open 
sclerophyll woodland vegetation suggest this period experienced the coolest and driest conditions of 
the last glacial cycle (Figure 6.7). Rainfall is estimated to be 60% less than present-day conditions 
as inferred from pollen proxies (Kershaw, 1978). In addition to these average conditions, several 
proxy records indicate considerable climate variability with 1–2 ka wet reversals documented in 
proxies from Lynch’s Crater (Turney et al., 2004; Muller et al., 2008b). This may have been 
associated with cyclic ENSO variations at the time (Turney et al., 2004) (Figure 6.7). Potential 
sediment yields are likely to have been relatively high owing to sparsely vegetated hillslopes 
however the delivery of this material to the valley floor was probably concentrated during the 
periodic wet conditions (Figure 6.8).  
Time period 13–8 ka 
 A transition to warmer and wetter conditions saw rainforest communities expand at 13–8 ka 
(Figure 6.7). Climatic variability also appears to be a feature of this time period (e.g. 13.5–11.5 ka), 
although proxies are conflicting as to whether sites were periodically wetter or drier (Turney et al., 
2004; Tibby and Haberle, 2007; Muller et al., 2008a) (Figure 6.7). Such differences might be 
associated with site-specific responses to these transitional conditions. Marine sedimentary records 
in the GBR reveal the highest rates of terrigenous sedimentation over the past 30 ka occurred during 
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this time period (Figure 6.7). This suggests extensive catchment erosion related to increased river 
discharges driven by overall higher rainfall and reduced sediment supply from densely vegetated 
catchments (Figure 6.8). 
Time period 8–5 ka. 
The 8–5 ka period saw the highest rainfall as indicated by precipitation and vegetation proxies 
(Figure 6.7). Rainforest becomes the dominant vegetation community and reaches its maximum 
spatial extent across the region (Hilbert et al., 2007). These regional precipitation and vegetation 
conditions are consistent with broader Australasian trends of a warm and wet Holocene climatic 
optimum (HCO) linked to the sea level highstand occurring at this time (Lewis et al., 2013) (Figure 
6.7). Such characteristics were likely associated with high river discharges and lower sediment 
yields from hillslopes. While high sea levels at this time have been linked to fluvial landforms in 
southeastern Australia (cf. Kermode et al., 2013), pollen records from the Wet Tropics show the 
transgression did not extend beyond 3 km of the present day coast (Crowley and Gagn, 1995).  
Time period 5–1 ka. 
Significant changes in ocean–atmospheric circulation patterns occurred at ~5 ka causing the 
intensification (i.e. increased amplitude) of ENSO cycles (Donders et al., 2007) (Figure 6.7). 
Tropical cyclones are also an important climatic feature at this time (Figure 6.7). Vegetation proxies 
show an increase in species indicative of disturbance (Haberle, 2005; Walker, 2007), which support 
the existence of greater climatic extremes (Figure 6.7). Rainfall proxies with the best chronological 
control (i.e. Tibby and Haberle, 2007) suggest a transition to drier conditions overall as indicated by 
lower lake levels and peat humification (Figure 6.7). By contrast, other rainfall proxies for the 
region do not depict this specific change. Such discrepancies could reflect differences in age control 
(many proxies have minimal dates for this period) or site-specific conditions. Discharge and 
sediment supply regimes are inferred to have been spatially and temporally variable throughout the 
region reflecting the impact of an ENSO-driven climate and tropical cyclones (Figure 6.8).  
Palaeoenvironments over the past 1 ka are not well resolved in the regional record, although 
it is likely ENSO remained the major climatic influence (Donders et al., 2007) (Figure 6.7). 
Episodic increases in cyclone activity also occurred (Haig et al., 2014). One rainfall proxy suggests 
overall higher rainfall conditions (Tibby and Haberle, 2007) but discharge and sediment regimes are 
inferred to have been variable similar to the 5–1 ka period (Figure 6.8). 
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Figure 6.7. Compiled palaeoenvironmental proxy records for the Wet Tropics. Refer to Table 6.1 for proxy details and Figure 6.1 for site locations. H1-H3 = 
Henrich events, B-A = Boelling-Alleroed event; Six major periods of environmental change and associated fluvial response spanning the past 30 kyr 8.2 = 8.2 ka 
event; FP = floodplain; T = terrace; F = fan. 
 
145 
 
6.5 Discussion 
The Wet Tropics region has produced Australia’s most detailed record of Quaternary 
palaeoenvironmental changes including the notable pollen records of Lynch’s Crater and Lake 
Euramoo sites. Previous geomorphic studies identified catchment responses predominantly in the 
form of alluvial fan development (Nott et al., 2001; Thomas et al., 2007) and more recently episodic 
processes of floodplain formation (Leonard and Nott, 2015a; Leonard and Nott, 2015b). However a 
comprehensive understanding of how catchments have responded to such changes in both rainfall 
and vegetation has remained elusive.  
6.5.1 Linking palaeoenvironmental proxies to fluvial response: limitations and assumptions 
Before discussing the relationship between palaeoenvironmental proxy data and fluvial response, it 
is important to firstly review some of the limitations and assumptions of this compilation. Late 
Quaternary changes in rainfall, vegetation and cyclone dynamics are used here to infer possible 
changes in both river discharge and sediment supply. This invokes the assumptions that (i) 
increased precipitation may lead to increased discharges and (ii) decreased vegetation cover 
increases sediment supply. How rivers respond to changes in either or both these variables, and the 
resultant timing of river incision or aggradation, is known to be complex (Schumm, 1973; Chappell, 
1983). For example river incision (i.e. terrace formation) may be associated with either an increase 
in discharge, a decrease in sediment supply or both (Bull, 1990; Tooth and Nanson, 1999).  
The regional scale of this investigation is unlikely to reflect the possible complexity of such 
site-specific responses and inferred links between the timing of fluvial response and palaeoclimate 
variability are best considered as correlations rather than causal.  In addition, whilst the compilation 
of proxy data reveals some discrepancies that are useful to highlight, this study cannot reconcile 
these differences. For example, whilst most attention has traditionally been given to the pollen 
record from Lynch’s Crater (Kershaw, 1978; Kershaw and Nanson, 1993; Turney et al., 2004; 
Reeves et al., 2013), additional records from nearby lakes (Haberle, 2005; Tibby and Haberle, 2007; 
Walker, 2007) often portray a slightly different climatic interpretation, which may have 
implications for the interpretation of any fluvial response.  
Previous reconstructions of the timing of terrace and alluvial fan development as published 
by Thomas et al. (2007) did not display detailed spatial or in some cases stratigraphic data. In 
particular, it was often challenging from the available data to clearly differentiate between fan and 
terrace landforms. Hughes et al. (2015) highlight the difficulties of simply assuming terrace 
elevation or soil type can satisfactorily distinguish between different chronostratigraphic terraces. 
For that reason, direct correlations between terraces dated in this study to those of a similar 
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elevation reported elsewhere are avoided here, unless there is supporting chronological data. In 
addition, while this earlier work considers material deposited in these landforms to be fluvial in 
origin, alternative interpretations provided by Murtha et al. (1996) and Cannon et al. (1998) 
conclude that the sedimentary characteristics of alluvial fans suggest the dominance of mass 
movement processes rather than channelized flow processes.  The resolution of such contrasting 
interpretations is beyond the scope of the current study.   
Whilst these limitations and assumptions are important to acknowledge, the compilation of 
palaeoenviromental and fluvial response data in the wet tropics of Australia remains one of the best 
available records to investigate correlations between changes in environmental conditions and river 
response over the Late Quaternary. 
6.5.2 Regional synchronicity in fluvial response 
The compilation of all available fluvial data suggests there were several regionally synchronous 
responses to these major palaeoenvironmental changes. Firstly, a regional aggradational phase 
characterised by the formation of fans (Nott et al., 2001, Thomas et al., 2007) and terraces was 
identified between 30–13 ka (Figure 6.8). The majority of proxy data suggest that this period of 
aggradation coincides with a period of sparse vegetation and reduced river discharges (Haberle, 
2005; Moss and Kershaw, 2007; Thomas et al., 2007) however there is also evidence to suggest the 
existence of RCC during this time that may have also contributed to this aggradational phase 
(Turney et al., 2004). Secondly a regional fluvial response as demarcated by the abandonment of 
the T1 terrace and its lateral removal across many catchments occurred at ~13 ka (Figure 6.8). 
Marine sedimentary records in the GBR reveal the highest rates of terrigenous sedimentation over 
the past 24 ka occurred during this time period (Figure 6.7), which may reflect the existence of wet 
conditions, and associated catchment erosion. This was followed by a third period from 8–5 ka of 
fine-grained overbank deposition that is evident in study catchments and elsewhere throughout the 
region (Leonard and Nott, 2015b) (Figure 6.8). This is represented regionally by the T2 terrace, 
which is relatively ubiquitous across the region.  The dominant response of rivers during the 5–1 ka 
is characterised by incision and lateral removal (Figure 6.8) although there is some variability in 
regional river response during this period. For example, in the Daintree catchment, an alluvial unit 
was deposited at ~2.3 ka although the spatial extent of this feature is not well understood (Leonard 
and Nott, 2015b) and has not been identified in other catchments. Incision of the T2 terrace appears 
to have occurred by at least 3 ka when the lower floodplain began accreting (Figure 6.8).  
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Fluvial response over the last 1 ka is represented by the contemporary floodplains across the 
region which contains evidence for aggradation at 0.8–1.6 ka and again post-0.5 ka and the notable 
absence of sediments dated to between 0.8 and 0.5 ka (Figure 6.5B). Floodplains that span the last 
~1 ka which show highly variable stratigraphy and surface morphology, suggest they have 
considerable potential to provide a record of relatively high frequency climatic variation driven by 
ENSO cycles as has been shown by Aalto et al., (2003).   
Thus while the data indicate strong support for regional fluvial response, the relationship 
with changing climate is variable. For example, terrace aggradation occurs during both cooler/drier 
and warmer/wetter phases. This confirms the complexity of fluvial response, notably terrace 
incision/aggradation, to changes in discharge and/or sediment supply and the likely importance of 
more complex local response relationships throughout the region. 
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Figure 6.8. Conceptual model of climatic change and river response over the last 30 kyr.  
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6.5.3 Comparisons between the Wet Tropics and temperate Australia 
To date much of the research on fluvial adjustment to Quaternary climate change has come from 
two key areas of the continent: the interior arid landscapes of the Lake Eyre Basin (Magee et al., 
1995; Nanson et al., 1992; Nanson et al., 1995; Croke et al., 1996; Croke et al., 1998); and the 
extensive meandering river systems of southeastern Australia (Bowler, 1978; Page et al., 1996, 
Yonge and Hesse, 2009; Kemp and Rhodes, 2010). These earlier studies provided a critical basis 
for establishing the likely climatic drivers of fluvial activity at the continental scale and over broad 
glacial/interglacial time-scales (Nanson et al., 2008).  The present study now allows comparisons of 
findings in the Australian wet tropics with those in southeastern Australia including those in coastal 
valleys of New South Wales (NSW) (Nanson et al., 2003; Cohen and Nanson, 2007; Cheetham et 
al., 2010), which share many similarities in terms of fluvial and valley characteristics with those 
described here. Interestingly, all studies highlight the limited preservation of older alluvium (i.e. 
>30 ka) in these narrow coastal valleys.   
In the wet tropics, Phase 1, which saw the formation of fans (Thomas et al., 2007) and 
terraces between 30–13 ka coincides with the well-documented Gum Creek and Yanco Creek 
phases further south in NSW that occurred either side of the LGM and on both sides of the Great 
Dividing Range in southeastern Australia (e.g. Page and Nanson 1996; Nanson et al., 2003; Pietsch 
et al., 2013). These fluvial phases have been interpreted to represent higher discharges likely driven 
by glacial and periglacial seasonal snowmelt combined with cold-climate season rainfall (Reinfelds 
et al., 2014). While comparative palaeohydraulic data (e.g. palaeochannel-based reconstructions) is 
not available for the wet tropics, the regional palaeoenvironmental data indicates this was a 
predominantly dry phase, which resulted in the formation of large fans and terrace landforms 
indicating an abundant supply of fine-grained sediments  
In coastal catchments of NSW a series of lower Holocene terraces and floodplains are nested 
into the late Pleistocene (Yanco) terraces which represent a partial cleaning out of the Pleistocene 
alluvium, similar to evidence presented for the wet tropics.  Cohen and Nanson (2007) identified 
they there was a recognisable period of alluviation in NSW coastal rivers that started in the very late 
Pleistocene postdating the Yanco phase and that ended ~8 ka, followed by a hiatus of alluvial 
accumulation until about 4 ka. Nanson et al. (2003) and Cohen and Nanson (2007) termed this 
whole period between 12–4 ka the ‘Nambucca phase’ and did not differentiate any hiatus associated 
with very effective sediment flushing of the valleys during the Holocene climatic optimum. In the 
Wet Tropics, the preservation of the T2 terrace unit in the North and South Johnston and Tully 
Rivers with ages between ~8 and 5 ka may well represent some elevated remnants of alluviation 
from the Holocene climatic optimum.  Valley alluviation from ~4 ka to the present in NSW was 
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termed the ‘Vertical Accretion’ phase which in the wet tropics is represented by more than 15 ages 
less than 2 ka on vertically accreting floodplains. The younger ages for these very late Holocene 
floodplains in northern Queensland compared to those in coastal NSW may be due to ENSO and 
increased cyclone activity. 
Overall, there are important similarities between the record presented for the wet tropics and 
that for southeastern Australia. This leads to the suggestion that rivers throughout Australia during 
the Late Quaternary were responding to large-scale continental climatic drivers rather than regional 
climatic variability. 
6.6 Conclusion 
This study provides a record of river aggradation and incision phases based on alluvial sequences in 
the Wet Tropics of northeast Queensland, Australia.  Chronostratigraphic interpretations of terraces 
and floodplains across four catchments indicate regionally synchronous aggradation during two 
discrete phases spanning 30–13 ka and 8–5 ka. Phases of terrace incision were also regionally 
synchronous at 13–8 ka and 5–1 ka. Key periods of environmental changes are synthesised from the 
palaeoenvironmental proxy data compiled from the region. The relationship between fluvial 
response and climatic changes is complex with, for example, aggradation occurring during both 
warmer/wetter and cooler/drier conditions. The record in the Wet Tropics illustrates broad 
similarities with the alluvial records from southeastern Australia that suggests that fluvial response 
during the late Quaternary reflects large-scale climatic controls. Higher-resolution dating of 
additional alluvial fans and floodplains in the region will add further insight into the relationship 
between fluvial response and some of the more rapid changes in climate observed in the proxy 
record for the region. 
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Chapter 7: Discussion and conclusions 
________________________________________________________________________________ 
7.1 Overview  
Understanding how rivers have adjusted to variations in past climate is critical for understanding 
how fluvial systems may respond to future climate changes. Internationally and in Australia, a rich 
record of river response has been developed from the morphologic and sedimentologic archives 
contained within different fluvial landforms such as terraces and floodplains. Collectively these 
studies show clear links exist between climate and fluvial systems over longer glacial/interglacial 
cycles (Bridgland and Westaway, 2008), shorter time frames such as periods of rapid climatic 
change (RCC) during the Holocene (Macklin et al., 2006) and over the last century with El Niño 
Southern Oscillation (ENSO) activity (Aalto et al., 2003). However, the persistence of important 
knowledge gaps has continued to hinder the evolution of our understanding of river response to 
climatic change. At the global scale, the geomorphology of the humid tropics is poorly understood 
(Latrubesse et al., 2005; Syvitski et al., 2014). Consequently, the relevance of existing geomorphic 
concepts (predominantly derived from temperate settings) to tropical fluvial forms is not well 
understood (Thomas et al., 2008; Wohl et al., 2012). Effectively addressing this knowledge gaps 
requires research with a broad focus (Piegay et al., 2015), which enables the identification of 
regional river responses (i.e. across multiple river systems) that can provide the necessary evidence 
for climatic control (Vandenberghe, 2002). A multi-catchment approach is needed to allow the 
impacts of other external and internal controls (e.g. catchment characteristics) to be investigated 
(Coulthard et al., 2005). Well-resolved records of climate are clearly of vital importance (Macklin 
et al., 2012) but have been lacking in the southern hemisphere and the tropics (Neukom and Gergis, 
2012). For this reason, the detailed record of palaeoclimate developed from proxies in the Wet 
Tropics is particularly valuable. Hence, the primary aim of this thesis was to determine the nature of 
regional river response and its relationship to climatic change in the Wet Tropics of northeast 
Australia. 
The overall thesis aim is achieved by delineating five specific objectives that are 
investigated using multi-disciplinary approaches. The study integrates spatial analyses of terrace 
and floodplain morphologies using LiDAR data, detailed data on sedimentologic and chronometric 
characteristics and the quantification hydrologic and hydraulic regimes. These analyses are applied 
across multiple Wet Tropics catchments to identify the broad regional patterns. Additionally, a new 
river discharge reconstruction and a synthesis of existing palaeoclimate proxy data provide an 
improved record of regional climatic change. The river response record contained within terraces 
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detailed in Chapter 2 was used to guide subsequent investigations of inset floodplains. In Chapter 3, 
the morphologic and hydrologic character of floodplains is assessed and an understanding of form-
process interactions developed. In Chapter 4, floodplain sedimentary characteristics are examined 
and used alongside the findings of Chapter 3 to develop a novel conceptual model that describes the 
formation of these unique tropical floodplains. Longer-term patterns in flooding, initially discussed 
in Chapter 3, were further investigated in Chapter 5 with high-resolution coral proxies of 
hydroclimate used to reconstruct Wet Tropics river discharge over the last 400 years. Chapter 6 
represents an overall synthesis, where terraces and floodplain data are collated to inform a regional 
record of fluvial response. A revised record of climatic change is also presented and the relationship 
between river response and climate examined. In the next section, the key findings of this thesis and 
their significance are discussed within the context of the five research objectives. 
7.2 Thesis key findings  
Objective 1: Classify and map terraces across study catchments to establish the nature and 
timing of terrace development and examine the relationship between terrace spatial preservation 
and catchment internal controls. 
The river response record contained within terraces forms the basis of much of our 
understanding of the relationship between rivers and climate change (Macklin et al., 2002; 
Bridgland and Westaway, 2008). However, a lack of terrace studies in the tropics results in 
underrepresentation of these important regional archives (Latrubesse et al., 2005; Thomas, 2008; 
Sinha et al., 2012). The preservation of terraces in Wet Tropics catchments was noted in earlier 
studies (Thomas et al., 2007), however, no systematic study of their distribution, surface, 
sedimentary, age characteristics, or correlations had been undertaken. Chapter 2 detailed a 
comprehensive terrace dataset compiled from across five catchments and includes LiDAR analysis 
of terrace morphology, sedimentology and OSL dating. An extensive range of variables was derived 
to characterise the force-resistance frameworks in each catchment. The resultant terrace dataset was 
used to identify and correlate the timing of the development of two terraces (T1, T2) across the 
region. This correlation underpinned the mapping of terraces within a total valley length of ~85 km 
across five catchments. These outputs contribute significantly to earlier terrace studies in the Wet 
Tropics (Thomas et al., 2007; Leonard and Nott, 2015a) through a more detailed understanding on 
the nature and spatial distribution of terraces. 
The chronological record for T1 and T2 terraces developed in this study detailed two periods 
of aggradation-incision spanning 15–5 ka. Importantly, the T2 terrace that was dated to the mid-
Holocene (8–5 ka) indicates the existence of a period of regional aggradation not recognised in 
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previous studies (Thomas et al., 2007). Wet Tropics fluvial activity during the mid to late Holocene 
was considered to be dominated by the removal of alluvium (Thomas et al., 2007; Thomas, 2008). 
However, the regional presence of the T2 terrace as shown in this thesis reveals more complex 
erosion and deposition dynamics during the Holocene. Within the broader Australian context, this 
study revealed the Wet Tropics record of river response is comparatively short (cf. Nott et al., 2002; 
Cohen and Nanson, 2008; Cheetham et al., 2010; Kermode et al., 2012). The reduced length of the 
fluvial record has been seen as a limitation to Quaternary fluvial reconstructions. However, the 
existence of multiple terraces in the Wet Tropics, spanning the post-LGM period, provided the 
unique opportunity to develop a relatively detailed understanding of Holocene river response. 
Quantitative analyses of terrace preservation have seldom been undertaken yet can reveal 
important information on the nature of river incisional phases (Colman, 1983; Lewin and Macklin, 
2003). In Chapter 2, the spatial preservation characteristics of terraces were examined quantitatively 
using the terrace preservation index (TPI), and also qualitatively through assessment of terrace 
configuration. Explanations for differences in TPI were examined using data on catchment force-
resistance frameworks. At the larger whole-of-region scale, no clear correlation was apparent, 
however, differences in terrace preservation within individual catchments were evident and are 
explained by stream power and terrace material resistance. The emergence of form-process 
relationships at particular scales as demonstrated in this study reiterates the critical importance of 
methodologies that encompass an awareness of scale (Schumm and Lichty, 1965; Knighton, 1998; 
Fryirs and Brierley, 2012). 
The study of Wet Tropics terraces in this thesis culminated with a new conceptual model of 
terrace types (paired, unpaired, disconnected) and preservation processes, which include channel 
adjustment, the preservation of colluvium and surface dissection. This represents a contribution to 
existing models, which focus predominantly on channel adjustment as the key factor in terrace 
preservation (Lewin and Macklin, 2003). Within the existing model, it is commonly assumed that 
older terraces are better preserved (Lewin and Macklin, 2003; Lewin et al., 2005). By contrast, this 
study identified T1 terraces have reduced spatial preservation, highlighting that such assumptions 
do not universally apply in humid tropical settings. 
Objective 2: Determine the surface morphological and hydrological characteristics of 
floodplains across the Wet Tropics for informing on processes of formation. 
Improved appreciation of floodplain processes is critical given future climate change 
projections for more extreme events such as floods and cyclones (IPCC, 2014). The hydrology in 
the humid tropics is characterised by higher energy inputs and rates of change that are expected to 
result in unique geomorphic forms (Wohl et al., 2012). In the Wet Tropics, the hydrologic regime is 
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associated with high volumes and rates of runoff (Bonell, 1988; McJannet et al., 2007) and frequent 
large floods (Wallace et al., 2012) but the implication of these for floodplain geomorphology has 
received little attention. Chapter 3 examined floodplain surface morphology, hydrology and 
hydraulics across four catchments. This required the use of a diverse range of data and techniques. 
The resultant dataset includes high-resolution LiDAR mapping of floodplain surface morphology, 
modelling of inundation extent, depth and stream power across a range of flood magnitudes and the 
mapping of the hydrologic output data. 
Floodplain surfaces were found to be characterised by high relief — a function of the high 
diversity of geomorphic units — and dominated by erosional forms. This is in general alignment 
with other floodplain studies in the tropics (e.g. Lewin and Ashworth, 2014) that contradict the 
traditional notion of the floodplain as a flat planar surface (Leopold et al., 1992). Geomorphic 
diversity was strongly influenced by floodplain width as found by many other studies (Magilligan, 
1992; Fryirs and Brierley, 2010; Kuo and Brierley, 2013; Scown et al., 2015a). However, in the 
Wet Tropics the relationship appears unique with increased geomorphic diversity associated with 
narrower floodplains. The high complexity of floodplain surfaces was suggested to also indicate the 
importance of stochastic processes. 
The development of fluvial forms is typically considered to be a function of hydraulic 
characteristics such as peak stream power (Magilligan, 1992; Nanson and Croke, 1992; Magilligan 
et al., 2015).  In the Wet Tropics, however, single estimates of stream power were poor predictors 
of floodplain morphology at both at-a-site and regional scales. Floodplain hydrology was shown to 
be complex, characterised by large, annual floods (i.e. up to 6 m inundation) but low to moderate 
stream powers. Geomorphic complexity in these settings is considered more related to an array of 
flood characteristics including rate of rise, return flow dynamics and the temporal sequencing of 
floods. 
The elucidation of these unique floodplain characteristics represents a significant 
contribution to our fragmented understanding of fluvial geomorphology in the humid tropics. The 
morphologic and hydrologic character of Wet Tropics floodplains highlighted these are distinctly 
different to those described within existing classifications (Nanson and Croke, 1992). This study 
found the link between hydraulic processes and fluvial forms to be more complex in tropical 
floodplains than is suggested in other climatic settings. 
Objective 3: Detail the major chronostratigraphic characteristics of floodplains and 
synthesise a conceptual model describing the processes and timing of floodplain formation in the 
Wet Tropics. 
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Floodplain sedimentary archives provide a valuable record of river response. The sediments, 
alongside surface morphology and hydraulic characteristics, are key components for understanding 
floodplain formation. Floodplain stratigraphy across four catchments is characterised by alternating, 
clearly bound units of silt or sand, which are indicative of vertical accretion associated with 
laterally stable channels. This is similar to the findings of other floodplain studies in eastern 
Australia, which highlight the dominance of fine-grained floodplains built by vertical accretion 
(Nanson, 1986; Nanson et al., 2003; Cohen and Nanson, 2008; Cheetham et al., 2010; Kermode et 
al., 2012; Leonard and Nott, 2015b). The clearly bound sedimentary units in Wet Tropics 
floodplains are similar to those described in the Amazon Basin, where ENSO is considered the key 
driver of floodplain formation (Aalto et al., 2003).  The stratigraphic consistency between sites and 
catchments was found to conflict with the high diversity of surface geomorphic unit detailed in 
Chapter 3. This finding is significant given it is commonly assumed that the underlying sediments 
can be inferred from the surface morphology (cf. Wheaton et al., 2015). This study revealed the 
processes of floodplain formation are distinct from those related to the post-formation modification 
of floodplain surfaces. 
Chronological data revealed the nature of floodplain deposition is rapid and episodic with 
major periods of aggradation between 1.6–0.8 ka and post-0.5 ka. Estimates of floodplain 
aggradation rates made in the present study and other Wet Tropics studies (Leonard and Nott, 
2015a; Leonard and Nott, 2015b) highlight the much higher rates (i.e. ten times) of floodplain 
building compared to those in catchments of southeastern Australia. This finding supports other 
recent studies that conclude episodic floodplain processes dominate in a range of settings (Aalto et 
al., 2003; Shen et al., 2015). This is an important advancement on traditional theories that view 
floodplain construction predominantly as a gradual process (Leopold et al., 1992; Nanson, 1986). 
Inherently linked to the rapid aggradation of these young floodplains is their episodic 
destruction. The floodplain chronology developed in this thesis demonstrated that periods of 
floodplain destruction occurred sometime prior to 1.5 ka and again between 0.8–0.5 ka, which 
aligns well with other Wet Tropics catchments (Leonard and Nott, 2015a; Leonard and Nott, 
2015b). Floodplain erosion processes have received little attention and are generally considered 
collectively under the terminology of stripping (Fryirs and Brierley, 2012). However this study 
suggested it is possible to distinguish between wholescale and partial stripping. These findings 
suggest that closer attention to erosional processes and more specific use of terminology is 
warranted. 
Existing models that are most relevant to Wet Tropics floodplains are the catastrophic 
stripping model (Nanson, 1986) and the ENSO-driven floodplain model (Aalto et al., 2003). 
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However, while these models are informative, they provided inadequate explanations for the 
distinct Wet Tropics floodplain characteristics. Notable inadequacies in existing models include: (i) 
the time frames of aggradation and incision, (ii) explicit acknowledgement of the different 
destruction processes, (iii) the integration of detailed sedimentology and stratigraphy and (iv) an 
understanding of patterns of climatic variability. The new model described floodplain formation as 
the product of five phases that spanned the last ~1.6 ka. Erosional phases, dominated by wholescale 
or partial stripping processes, are associated with the larger floods during during wetter climatic 
phases (i.e. La Nina). Depositional phases are associated with both wetter and drier events (i.e. La 
Nina and El Niño phases) as indicated by variable calibre of discrete sedimentary units. The new 
conceptual model emphasised the role of feedbacks between climate, vegetation and fluvial forms 
as key influences in floodplain geomorphic state. Compared to existing models, the new model 
acknowledges a greater degree of complexity in floodplain processes and the existence of multiple 
evolutionary pathways. The concept of multiple pathways or trajectories in geomorphology remains 
predominantly a theoretical construct (Phillips, 1991; Phillips, 2006; Phillips, 2009) with few field 
studies used to demonstrate its practical application. The new conceptual model represents one of 
the few models developed for tropical systems. 
Objective 4: Develop a 400-year annual reconstruction of Wet Tropics river discharge from 
coral proxy records to inform on long-term hydroclimatic variability in the region. 
An understanding of the climatic influences on floodplain evolution is significantly 
enhanced where hydrological reconstructions exist. In the Wet Tropics, the role of flood sequencing 
and hydroclimatic variability in floodplain morphology and sedimentation were discussed in 
Chapters 3 and 4. There has been considerable research on past hydroclimate in the Great Barrier 
Reef (GBR) region, which has demonstrated marked hydroclimatic variability over the last ~1000 
years (Hendy et al., 2003; Lough, 2007; Lough, 2011a; Haig et al., 2014). However, whether these 
broader regional trends accurately represented those in the Wet Tropics is uncertain. Chapter 5 aims 
to address this knowledge gap by developing a 400-year, annual reconstruction of wet season river 
discharge for the North Johnstone River. The new reconstruction represents the first long-term 
record of river discharges that is representative for the Wet Tropics. Comparisons between the new 
coral-based reconstruction, and an existing speleothem record detailing the seasonal cyclone 
activity index (CAI) (Haig et al., 2014), provided multiple lines of evidence that suggest long-term 
patterns of flood variability in the Wet Tropics. It must be noted however that there are key 
limitations in this area of research, which have implications for the interpretations of long term 
flooding regimes. Of note is the lack of coral cores representative for the region and the assumption 
that higher seasonal CAI values are coincident with increased flooding, which remains untested. 
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The study found distinct variability in flood regimes in the Wet Tropics, which differed in 
their timing compared to the more generalised GBR regimes (Lough, 2007, Lough, 2011a). The 
new reconstruction showed two, previously unidentified wet periods post-1870 that appear linked to 
increased seasonal cyclone activity. The coincidence in timing between floods and cyclones over 
these longer time frames is supported by similar positive correlations over the gauged period of 
floods and cyclones. Compared to more southern GBR catchments, the frequency of tropical 
cyclones is much greater in the Wet Tropics and therefore cyclones exert a strong control on rainfall 
and flooding. This fact is rarely acknowledged in other studies, which have viewed the 
hydroclimate across the entire GBR as being relatively uniform (e.g. Lough, 2011a). Prior to 1870, 
the discharge reconstruction was deemed less reliable than the cyclone reconstruction of Haig et al. 
(2014) owing to the absence of coral proxies derived from reefs within the flood plume extent of 
Wet Tropics rivers for this time period. This highlights the impact of past coral-based, 
palaeoclimate research that is biased towards reefs offshore from the Burdekin River, the largest 
river in the GBR catchment (Isdale et al., 1994; Isdale et al., 1998; McCulloch et al., 2003; Lough, 
2007; Lough, 2011a; Lough et al., 2014). In the Wet Tropics, the largest floods within the past 700 
years were concluded to have occurred during the period 1680–1820 in association with the highest 
cyclone activity. This conclusion is in clear contrast to that of Lough, (2011a), where a step increase 
in hydroclimate variability is thought to have occurred across the entire GBR region. In the Wet 
Tropics, alternating periods of reduced and increased hydroclimate variability is evident, rather than 
a unidirectional step-change. This wet-dry pattern in the Wet Tropics is consistent with documented 
changes in the amplitude of ENSO cycles over the last several millennia (Lough et al., 2014; Nott 
and Forsyth, 2012). While there remain some key limitations for reconstructing hydroclimate, the 
multi-proxy approach employed in this study enhances our long-term understanding of flood 
variability in the Wet Tropics. 
Objective 5: Develop a regional-scale model of river response and climatic change using 
data from terraces (Objective 1), floodplains (Objectives 2,3) and new and existing palaeoclimate 
reconstructions. 
The Wet Tropics in the northeast of Queensland has yielded a diverse range of 
palaeoenvironmental proxies and comprises the continent’s most detailed records of Quaternary 
climate change (Haberle, 2005; Kershaw, 1976; Kershaw, 1978; Kershaw and Nanson, 1993; Moss 
and Kershaw, 2007; Tibby and Haberle, 2007; Turney et al., 2004; Turney et al., 2006; Haig et al., 
2014; Lough et al., 2014). Individually these records point to considerable climatic variability over 
the past 30 kyr, however, the regional record from the humid tropics has never been systematically 
reviewed. River adjustments associated with climatic changes would almost certainly have occurred 
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yet, until now, limited attention has been given to the nature and timing of Quaternary fluvial 
activity in the region. Chapter 6 presented a synthesis and conceptual model of the nature and 
timing of fluvial response to climatic change in the Wet Tropics for the past 30 kyr. This chapter 
developed the record of fluvial response from data on terraces and floodplains (Chapters 2–4) 
alongside previously published research on alluvial archives in other Wet Tropics catchments. The 
record of climatic change was compiled from a review of all existing palaeoenvironmental proxy 
records of specific relevance to the Wet Tropics. 
This study revealed that fluvial response in Wet Tropics catchments appears regionally 
synchronous with aggradation during two discrete phases spanning 30–13 ka and 8–5 ka. Phases of 
terrace incision also appear to be regionally synchronous at 13–8 ka and 5–1 ka. From the 
compilation of regional palaeoenvironmental proxy data several key periods of environmental 
changes were synthesised. The relationship between fluvial response and climatic changes is 
interpreted to be complex with river aggradation occurring during both warmer/wetter and 
cooler/drier conditions. The record in the Wet Tropics illustrates broad similarities with the alluvial 
records from southeastern Australia, which suggests that fluvial response during the late Quaternary 
reflects large-scale climatic controls rather than regional specific drivers.  
7.3 Concluding remarks and future research directions 
This is the first study to systematically examine the terrace and floodplain record in the Wet Tropics 
and confirmed that fluvial response was relatively synchronous within this region. The detailed 
morphologic, chronostratigraphic and hydrologic data for the region provides a significant 
advancement in our understanding of the nature and timing of fluvial response in this humid 
tropical setting. The 400-year long reconstruction of flooding and synthesis of regional Holocene 
palaeoclimate presented here provide a new basis for understanding long term climatic patterns in 
the region. Climate emerges as an important influence in fluvial response although the nature of this 
relationship is complex. For example over the Holocene, major aggradation appears to coincide 
with both wet and dry regional climatic phases. Overall, this thesis highlighted the value of the Wet 
Tropics fluvial archive for improving our understanding of how these river systems may respond to 
future climatic change. 
The approach adopted in this study was designed to elucidate the broad, regional record of 
fluvial response and the relationship to climatic change. In the process, many interesting questions 
arose that were beyond the scope of this thesis. Further research areas identified by this thesis are 
discussed below. 
x Improved chronological control is required for the T1 terrace and represents a key priority 
 
159 
 
for future work. As the oldest preserved fluvial archive, it is a fundamental component of 
the Wet Tropics fluvial record. Additional dating, particularly of basal sediments, is required 
to better constrain the onset of T1 aggradation and provide more detailed knowledge of 
fluvial response to important climatic change at, and immediately after, the LGM. The 
uncertainty around the timing of T1 deposition is associated with the difficulties in obtaining 
statistically valid OSL ages from sediments that are largely sourced from basalt-dominated 
catchments. The general applicability of OSL in such settings has not been thoroughly tested 
in Australia, however, limitations associated with relatively low quartz contents (Isbell et al., 
1976), or the presence of specific mineral constituents (Tsukamoto and Duller, 2008) may 
be involved. Other dating techniques might be required to gain further clarity on the timing 
of river response to climate change prior to 14 ka. 
x ENSO is potentially an important driver of floodplain processes. In this thesis floodplain 
morphology and chronostratigraphy data alongside known ENSO fluctuations are used to 
develop the hypothesis that Wet Tropics floodplains reflect ENSO influences. Testing this 
hypothesis would significantly benefit the future management of these valuable floodplains 
given their intensive use and future climate change scenarios. Future studies on pedogenic 
features and higher resolution dating of individual floodplain sedimentary units will allow 
the possible identification of thresholds and importantly the timing of phase-switches over 
the last 2 kyr. Enhanced knowledge of the response of natural systems over this time period 
is critical for informing on the future impacts of climate change (Jones and Mann, 2004; 
Neukom and Gergis, 2012). 
x The erosional processes involved in the preservation of terraces are important, however, 
these processes have received limited attention compared to depositional processes (Lewin 
and Macklin, 2003). This thesis outlined the contribution of non-fluvial processes to the 
erosion of fluvial landforms.  Specifically, extensive gully networks on terrace surfaces 
suggest the role of surface runoff processes. More research is needed to better understand 
the relative contributions and timing of fluvial and non-fluvial (i.e. gully dissection) 
processes in terrace preservation in the tropics. 
x Much of the research on floodplains has focussed on laterally migrating systems in the 
temperate regions, which produce a predictable array of surface morphologies that are well 
understood in terms of the form-process interactions. This thesis identified the existence of a 
much more diverse range of surface geomorphic units in humid tropical floodplains. Some 
of these units such as overbank splays and depressions do not conform to existing 
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inventories and their formation warrants further attention. The alternative explanations for 
floodplain complexity proposed in Chapter 3 also provide testable hypotheses that would 
enhance our understanding of geomorphic form-process interactions in tropical floodplains. 
x Despite the high density of palaeoclimate proxy records in the Wet Tropics relative to other 
parts of Australia, the spatial biases in proxies remain problematic for expanding our 
understanding of climatic change in this key region. High-resolution hydroclimate proxies 
predominantly come from corals, but there are few existing coral records that adequately 
reflect the Wet Tropics. Further, the majority of terrestrial proxies are sourced from volcanic 
lakes and craters on the Atherton tablelands, which in terms of hydroclimate is not 
representative of the more spatially extensive coastal valleys. Continued efforts to develop 
new proxy records that reflect key environments will greatly improve the regional 
palaeoclimatic record. 
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Appendix A. Radial plots for OSL terrace and floodplain samples 
 
 
Figure A1. Radial plots for terrace OSL samples in the North Johnstone catchment. Grey bands denote the 
modelled equivalent dose De (Gy). 
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Figure A2. Radial plots for floodplain OSL samples in the North Johnstone catchment. Grey bands denote 
the modelled equivalent dose De (Gy).  
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Figure A3. Radial plots for terrace OSL samples in the South Johnstone catchment. Grey bands denote the 
modelled equivalent dose De (Gy).  
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Figure A4. Radial plots for floodplain OSL samples in the South Johnstone catchment. Grey bands denote 
the modelled equivalent dose De (Gy).  
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Figure A5. Radial plots for terrace OSL samples in the Liverpool catchment. Grey bands denote the 
modelled equivalent dose De (Gy).  
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Figure A6. Radial plots for floodplain OSL samples in the Liverpool catchment. Grey bands denote the 
modelled equivalent dose De (Gy).  
 
 
Figure A7. Radial plots for terrace OSL samples in the Tully catchment. Grey bands denote the modelled 
equivalent dose De (Gy).  
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Figure A8. Radial plots for floodplain OSL samples in the Tully catchment. Grey bands denote the modelled 
equivalent dose De (Gy).  
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Appendix B. Supplementary information on the methodology for reconstructing river 
discharge from coral proxies (Chapter 5) 
Coral luminescence series selected as the predictors of wet season discharges of the North 
Johnstone river (Chapter 5, Table B1) were screened to identify the presence of any ‘anomalous’ 
features in the data. These can indicate where the development of coral luminescence is more 
influenced by site-specific conditions rather than reflecting regional environmental conditions (e.g. 
Lewis et al., 2012). To examine the consistency between luminescence series, the coefficient of 
variation (CV), which provides a standardised measure of dispersion in the data, was computed for 
individual series and compared between series using R statistical software. In addition, correlation 
coefficients (r) were computed for pairs of data over shorter (~40 yrs; 1940–1984) and longer time 
periods (~100 yrs; 1981–1984). Significance was defined at p < 0.05.  
Table B1. Details of coral core samples used to reconstruct North Johnstone River discharges. Core IDs are 
from the Australian Institute of Marine Sciences (AIMS) database. Refer to Figure 5.1 (Chapter 5, Section 
5.2) for locations of coral samples. 
Coral core sample 
location 
AIMS Core 
ID 
Period of record Distance from 
Johnstone River 
outlet (km) 
Normanby Island NOR01B 1890–1984 35 
Dunk Island DUN02A 1868–1987 40 
Coombe Island COO01E 1844–1985 50 
Brook Island BRO01A 1783–1984 65 
Havannah Island HAV01A 1639–1985 150 
 
Results in Table B2 show that luminescence series are similar with minimal differences in 
their variability (CV = 39 to 52%) and mean luminescence, the latter calculated over shorter and 
longer time periods. In addition, all luminescence series are significantly correlated to each other 
(Table B3). These results indicate that no luminescence series are anomalous and the data can be 
considered to reflect regional the environmental conditions. Correlation coefficients (r) calculated 
for each luminescence-discharge pair revealed luminescence series from the Normanby, Dunk, 
Coombe and Havannah Islands were robust proxies of discharge and were used to reconstruct wet 
season discharges for the North Johnstone River (Table B4). 
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Table B2. Mean luminescence range and coefficient of variation (CV) as calculated over multiple time 
periods to examine stability of the luminescence series through time. 1891–1984 represents the ~100 year 
period common to all luminescence series. 1940–1984 is the ~40 year period common to both luminescence 
and instrumental river discharge series. 
 1891–1984
 
1940–1984 
Mean luminescence range CV Mean luminescence range CV
Normanby Is. 0.19 0.42 0.20 0.43
Dunk Is. 0.29 0.39 0.28 0.31
Coombe Is. 0.27 0.42 0.29 0.34
Brook Is. 0.19 0.40 0.20 0.41
Havannah Is. 0.21 0.52 0.22 0.51
 
Table B3. Correlation coefficients (r) calculated between all luminescence series for 1891–1984 and 1940–
1984 time periods. All r-values are significant at p < 0.05.  
1891–1984 
Normanby Is. Dunk Is. Coombe Is. Brook Is. Havannah Is. 
Normanby Is. 1.00 
Dunk Is. 0.54 1.00 
Coombe Is. 0.70 0.62 1.00 
Brook Is. 0.51 0.27 0.43 1.00 
Havannah Is. 0.73 0.57 0.71 0.53 1.00 
1940–1984
Normanby Is. Dunk Is. Coombe Is. Brook Is. Havannah Is. 
Normanby Is. 1.00     
Dunk Is. 0.71 1.00    
Coombe Is. 0.84 0.68 1.00   
Brook Is. 0.70 0.53 0.69 1.00  
Havannah Is. 0.76 0.62 0.77 0.72 1.00 
 
Table B4. Correlation coefficients (r) calculated between North Johnstone River wet season discharge and 
all luminescence series over the common period (1940–1984) and 22 year subperiods (1940–1962, 1963–1984). 
Correlations for subperiods examine the stability of the relationship within the common period. Bold values 
are significant at p < 0.05. 
Coral core luminescence 
series 1940–1984 1940–1962 1963–1984 
Normanby Is. 0.48 0.43 0.50 
Dunk Is. 0.52 0.55 0.50 
Coombe Is. 0.59 0.53 0.64 
Brook Is. 0.40 0.23 0.48 
Havannah Is. 0.45 0.39 0.55 
 
 
 
 
